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For a free product brochure call 1-800-950-2438. 
“Dependability based on longevity: 1983-1992 full-line truck сар registrations. Excludes other GM divisions. The Chevrolet Emblem is a 
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Remember Wh ЯТ When youre tearing down rough roads or trudging 
"m i S Th т | 8j over turbulent terrain, comfort is hard to come by. 
Rides Like : 

A Tr T с н wp that is, unless youre driving a new Chevy Full-Size 


Wa © Bail 9 Pickup. Its advanced independent front Suspension 


system makes every wrinkle in the road closer to a smooth glide down the highway. And get 


a load of those seats. Theyre more like something youd expect to find in a luxury car than in 


a pickup. But then, that’s the theory behind every corner of this interior. After all, just because 


Chevy Trucks 


LIKE A ROCK 


Chevys are as Solid as a rock doesnt mean they should ride like one. 


Chevy. The most dependable, longest-lasting trucks on the road. 
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FEATURES 


Moscow Rules 
When the Soviet Union 
collapsed, the scientific 
community fell into 


disarray. Today, its very 
Survival is at risk. 


1 


How The Soviets 
Got The Bomb 
Did eminent U.S. atomic 
bomb researchers pass 
secrets to the Soviets? 


290 Years Of 

Science And 

Technology 
Russian scientists have 


expanded the frontiers of 
human knowledge. 
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| Siberia At The 
Crossroads 
Russia's vast landscape 


has reached an environ- 
mental boiling point. 


Lifestyles Of The 

Not-So-Rich 
Possessing modern, 
world-class goods and 
services is a Sad joke for 
most Russians. 

From Russia 

With Mud 
A bare-bones military ve- 
hicle might be Russia's 
trendiest export. 


E. 


| Wings Over 
Russia 


Russian aviation hardware 
is Surprisingly sophisticat- 


Thi 


ed and effective. 
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Nuclear Chaos 
Nuclear weapons, waste, 
and poorly designed reac- 
tors present a threat to the 
entire world. 


| Computer Czar 
| The father of Russian 
computing has formed a 


symbiotic relationship 
with Silicon Valley. 


Beyond MIR 
The Soviet Union is dead, 
but the world's most suc- 
cessful space program 
lives on. 


Cover Photos: 
| John В. Carnett 


Arthur Fisher 
Robert Del Tredici 
AP/Wide World 
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EDITOR'S 


NOTE 


Is There Life After Death 
For Russian Science? 


ing the crown jewels or the United 

States holding a fire sale at the 
National Archives. A total of $6.8 mil- 
lion worth of spacecraft, medals, docu- 
ments, cosmonauts’ gear—226 items in 
all from the former Soviet Union’s once- 
glorious space program—sold on the 
block. The auction of space memen- 
tos was a harsh reminder of how far 
science and technology in the for- 
mer Soviet Union have plummeted. 

Right now, a revolution is unfold- 
ing in Russia that is marked by eco- 
nomic collapse, political instability, 
and social chaos. Russia is broke, 
and there is little money for science. 

The decline of Russian science 
and technology is a cataclysmic 
event in its own right, threatening 
not only Russia’s well-being but our 
own as well. Its past, signal contri- 
butions range from the invention of 
the periodic table of elements to the 
pace-setting strides in space that lit- 
erally embarrassed the United 
States into launching a competing 
space program. 

As wrenching as conditions are 
for Russian science, America and 
the rest of the world have a stake in 
its fate. In whose employ will some 
of the world’s best nuclear scientists 
toil? Will there be future 
Chernobyl-like disasters? Will an 
economically desperate government 
ruthlessly exploit vast virgin lands to 
the environmental peril of all the 
world’s inhabitants? 

These and many other questions 
prompted us to deal with the state of 
Russian science and technology in this 
special issue. We have sought to provide 
a chronicle of past achievements, a sta- 
tus report on current conditions, and 
where possible, a forecast of future 
prospects. For this ambitious project, 
we called upon some special help in the 
form of experts and insiders. Most no- 
table is Roald Sagdeev, the youngest 
person ever elected to the Soviet 
Academy of Sciences and former head of 
the Russian Space Institute. Sagdeev, 
who is now a distinguished professor of 
physics at the University of Maryland, 
offers a behind-the-Iron-Curtain ac- 
count of how the Soviets developed 
their first atomic bomb, as well as 
his perspective on a KGB officer’s con- 
troversial allegations of espionage by 


4 


[ seemed оп а par with England sell- 


our own Manhattan Project scientists. 
Russian-trained journalist Leonid 
Zagalsky tells us what life is like today 
for the average family, whose income is 
$30 per month. Fred Pearce of Britain’s 
New Scientist magazine reports on his 
first-hand visit to the vast Siberian coun- 
tryside, now under environmental siege. 
Other contributors include William 
Burrows, director of New York 
University’s Science and Environmental 
Reporting Program, who writes of the 
chaos on the Russian nuclear front, and 
aviation expert Bill Sweetman, who 
gained unprecedented access to formerly 
secret and off-limits Russian facilities. 


| Sweetman (left) and Fisher in Moscow. 


This issue was directed by our own 
award-winning Science and Technology 
Editor Arthur Fisher, who made his 
fourth trip to what was once the Soviet 
Union last April. Fisher was stunned by 
the anything-goes bedlam in Moscow to- 
day but reassured by the dogged opti- 
mism expressed by many of the Russian 
scientists and officials he spoke with. 

“The Russians firmly believe,” Fisher 
says, “that international cooperation will 
save their science.” 

Indeed, there may be life after death 
for Russian science and technology. It 
simply won't be soon and it won't be easy. 
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ONE 
TREATMENT 


SUPER FUEL 
IIJECTOR 
CLEANER 


At least the fuel 


It's fun to play in the mud, 
but not so fun to get stuck in it. 
Or anywhere else for that mat- 
ter. That's why we developed 
STP” Super Concentrated Fuel 
Injector Cleaner. 

One bottle quickly helps 
unclog dirty fuel injectors that 
can rob your engine of depend- 


injectors are clean. 


= 
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able power and performance. 
Plus it cleans up your entire fuel 
delivery and intake systems for 
up to 2500 miles. 

So the next time you clean 
your car, why not add a bottle of 
STP Super Concentrated Fuel 
Injector Cleaner. Make it beauti- 
ful on the inside, too. s 
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READERS’ 


TALK BACK 


Where Does It All Go? 


Г. “Emerging Technologies for the Su- 
percar” [June], the diagram showing 
where a car's fuel energy goes contains 
some funny numbers. As an engineer, I 
believe that energy losses in the engine 
amount to about 80 percent of fuel input, 
not 62.4 percent, as the diagram shows. 
Also, the diagram seems to account for 
all types of losses, except for what hap- 
pens to the 13.6 percent of fuel energy af- 
ter it is used to drive the wheels. 
Francis W. Jackson 
Hatboro, Pa. 


You're right about the numbers: Our di- 
agram underestimates losses in a typi- 
cal gasoline engine. According to infor- 
mation from Ford, in an urban driving 
cycle (stop-and-go), 81.8 percent of the 
potential heat of combustion is lost by 
the time it is turned into mechanical en- 
ergy at the crankshaft. Driveline losses 
take an additional 5.6 percent, leaving 
12.6 percent at the wheels. Of this 12.6 
percent, aerodynamic drag and rolling 
resistance eat up 6.8 percent, leaving 5.8 
percent to accelerate the vehicle—energy 
that ultimately is dissipated by the heat 
of braking. The ratios differ at a con- 
stant highway speed, by the way; aero- 
dynamic drag becomes more important 
and braking loss, less so.—Dan McCosh 


Bits About Boeing 


Yu state that the 777 is being built 

at a Boeing factory, but fail to men- 

tion that the fuselage is made in Japan 
“Тһе Newest Way To Fly," June]. 

Edward Fregin 

Simi, Calif. 


Planes use domestic as well as foreign 
parts. For the 777, Boeing has 545 sup- 
pliers, 58 of them foreign. The Japanese 
aerospace industry is the largest foreign 
contributor, supplying 20 percent of the 
airframe—but not the entire fuselage. 
For the 777, Boeing estimates that seven 
Boeing jobs were created for every one 
overseas.—Dawn Stover 


Г" flown many of Boeing’s fine air- 
planes, from the P-26 to the B-52. The 
computer-designed fly-by-wire 777 
sounds like another winner. The cus- 
tomer research that led to such innova- 


Address your letters to Readers Talk Back, PoPuLAR Science, 2 Park Ave., New York, М.Ү. 10016; fax them to 212-481-8062; 


tions as pop-out light bulbs and non- 

slam toilet seats is impressive. But who 

told Boeing that passengers enjoy flying 
nine abreast? 

James V. Edmundson 

Lt. Gen., U.S. Air Force (Ret.) 

Longboat Key, Fla. 


Super I-Way Guide 


ү?" article оп the “Information Su- 

perhighway" [May] serves as an ex- 

cellent guide for nonprofit professionals 
who are not technology oriented. 

Jim Yu 

United Way of America 

Alexandria, Va. 


Hauling Earth 


үү its creative mixture of fictitious 
narrative and satirical reporting, 
“Greetings from the Chunnel” [May] 
was a great break from the usual arti- 
cle. However, it was missing details on 
the excavation. How was so much earth 
moved from the three tunnels? 
Lyle T. Jackson 
Grants Pass, Ore. 


Eleven boring machines—some longer 
than two football fields and equipped 
with a grinding plate topped by 236 
tungsten-carbide gouging bits—moved 
an estimated 245 million cubic feet of 
dirt, mud, and chalk marl. Contractor 
Transmanche-Link calculates that the 
task required more than 70,000 man- 
years from United Kingdom workers 
alone. For a full account of this process, 
see our story, “Journey Down the World's 
Longest Underwater Tunnel" [June 
'90].—Judith Anne Gunther 


Corrections: The address of Best Ameri- 
can Duffel, maker of the B.A.D. bag in 
"What's Мем” [June], is 2601 Elliott 
Ave., Suite 4317, Seattle, WA 98121. 

In "The Digital Diamond" [“Comput- 
ers and Software Newsfront,” June], 
PlayBall offers advice from former big- 
leaguer Alan Bannister. ESPN Baseball 
uses former Miami coach Ron Fraser. 

Webasto Sunroof is in Rochester 
Hills, Mich. [^What's New,” June]. 

In “The Cool Stuff" [^Automotive 
Newsfront,” June], the path traveled by 
air-conditioning refrigerant was incor- 
rectly described. Actually, hot refriger- 
ant leaves the condenser, then passes 
through an accumulator/heat exchang- 
er before heading to the evaporator. 
Now cooler, the refrigerant then enters 
the evaporator. 


or send electronic mail to our CompuServe account number, 75140,1732. The letters may be edited for space and clarity. Due 
to the volume of mail, we regret that we cannot answer unpublished letters. 
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The all-new POWER STROKE™7.3L Ford continues to be a safety leader A redesigned 
DI turbo diesel outpowers the rest.’ with a new standard driver's airbag." legroom and comfort. 
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“Available on models over 8,500 lbs. GVWR, "Available on models under 8,500 Ibs. GVWR. Always wear your safety belt. Free 24-hour Roadside Assistance. 3 years/36,000 miles. See dealer for details. 
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A special edition of our regular 
feature, focusing on technology 
and products developed or made 

in Russia, some of which are now 


available in the United States. 


The night lenses of 

choice for users who 

need both hands free, these goggles give the wearer stereoscopic 
vision at distances as great as 400 feet in very low light condi- 
tions. Price: $1,020 to $1,200. Interlink Group, 70 E. 55th St., 
New York NY 10022. 
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Executive Sedan 


Volga engineers packed state-of-the-art technology into their new 
3105 sedan aimed at Russia's emerging executive class. The 
powertrain is a 3.4-liter 170-hp fuel-injection V8, five-speed man- 


ual transmission, and full-time four-wheel drive. Rugged con- It's a software invasion. A team of Russian designers created the E 
struction is reflected in the car's two-ton curb weight, all the bet- Russian 6 Pak of computer games to challenge your mind and re- 
ter to withstand Russia's unpaved roads. flexes. Price: $30 (DOS), $40 (Windows). Interplay Productions, 


17922 Fitch Ave., Irvine CA 92714. 
Breaking The Ice 
First developed for military use, this icebreaker has 
л 4" been designed by Nizhny Novgorod State Technical 
wir University to blast deeply frozen waters with air puls- 
И es. The platform can be coupled with a tug or other 
icebreaking vessel and can cut a swath 20 meters 
wide in one-meter-thick ice. Ventilators barrage 
the frozen obstruction with air, as the plat- 


form rides up on the ice. The vessel is con- 
trolled remotely. 
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Russian defense contractors a 
have conceived a flock of small |, Á 
new civil transport aircraft, such / 4 
as the proposed Molniya-100, X. / fa. 
| which features twin turbo- / A А! 
~| prop pusher engines if, 4 е | 
S and pitch control via / 4 3 | 

b * nose-mounted “4 m 

\ canard fins. "dd 24 | 
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Spy 
Camera 


“Intended for a particular circle of 
users," says the owner's manual for the 
Zenit MF-1, a favorite of the KGB. The three- 

inch-wide minicamera uses 35mm film cut down—in 

the dark—to 21mm width with a supplied trimming gadget. The 
focus of its 28mm f/2.8 lens is fixed at 15 feet. Price: $1,999. 
Moonlight Products, 5965 Pacific Center Blvd., Ste. 711, San 
Diego CA 92121. 


ROB SCHUSTER 


Countdown To Doom 
If you're facing a deadline you can't bear to 
7 think about, perhaps a “Soviet doomsday 
clock" ticking away on the corner of your desk 
E 24 will remind уои of the dire consequences— 
“оа and then some. Described as ап “actual 
— aes launch clock for Soviet nuclear weapons,” the 
clock is engineered to run for 500 years, accord- 
ing to the distributor. Price: $799. Clocks from 
MiG-29s, Soyuz spacecraft, tanks, and submarines 
are also available. Sunset Cliffs Merchandising Corp., 
Box 7518, San Diego CA 92167. 


Recycled Eye- 
In-The-Sky 
Soviet artifacts are undergo- 
ing some astonishing trans- 
formations. Who'd suspect 


this flower vase's secret past 
as a defective lens intended 


Military - 
Night 
" | Vision 


Used by the Russian army, 


the MPN 60K night vision io OA ji тщ ы, for a spy satellite? During the 
scope amplifies light E. E og | Cold War, these lenses were 
60,000 times and can spot ob- E E | | manufacturing casualties, but 


now artisans are overhauling 
them for a considerably less- 
sinister purpose. Price: $100. 
Sunset Cliffs Merchandising 
Corp., Box 7518, San Diego 
CA 92167. 


jects 1,000 feet away in near-darkness. 

An image-intensifying device incorporates a fiber-optic connec- 
tion that channels a bright image to the luminous-green phosphor 
viewing screen in the eyepiece. An optional infrared illuminator per- 
mits surveillance in total darkness. Price: $1,199. Moonlight 
Products, 5965 Pacific Center Blvd., Ste. 711, San Diego CA 92121. 
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Whats Пеш 
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Saucer In The Sky 


This “flying saucer,” filled with a proprietary nonflammable gas, 
handles wind and cold better than regular blimps, says the Mos- 
cow Aviation Institute. The 130-foot-diameter Thermoplane could 
be used for lifting or as a flying billboard, hotel, or hospital. North 
American representative: Step One Technology, Inc., Marietta, Ga. 


For Sputnik 
Fans 


Once-secret documents dat- 
ing back to the first Soviet 
space launches make up part 
of the presentation of The 
Soviet Space Program CD- 
ROM. It includes photos, 
video, narration, and refer- 
ence materials linked by hy- 
pertext. For Macintosh and 
Windows systems. Price: 
$80. Published in a joint ven- 
ture between CompactBooks 
of Moscow and Shoestring 
Multimedia, 444 DeHaro St., 
san Francisco CA 94414. 


The KGB 
Was Here 


The Soviet Union's notorious KGB used such glasses to facilitate 
spying. Now the "spy who came in from the cold" look can be 
yours. The 1 1/4-inch-long monocular makes things look two- 
and-a-half times closer and comes with a clever finger loop to 
steady the lens. The mini binoculars also magnify the view two- 
and-a-half times. Price: $15 (monocular), $20 (binoculars). 


U.S. Cavalry, Dept. P.O., 2855 Centennial Ave., Radcliff KY 40160. 
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Researchers at the Russian Central Automotive Engine Scientific 
Research Institute in Moscow are working on a variable-displace- 

ment piston engine, potentially a fuel-efficient, lightweight design 
suitable for both autos and aircraft. The pistons are arranged ra- | 
dially, and a swash plate converts reciprocating into rotary mo- 
tion—tilting the plate varies the piston stroke. Prototypes have · 
produced 120 hp at 5,000 rpm. The configuration is similar to 
some air-conditioning compressors on U.S. cars. 


Radial Concept \ 


The Elímohile |. 


If you thought elves resided 

only in Ireland, you're wrong. 

Made by AutoVAZ (16 

Belorusskaya St., Togliatti 

445633, Russia), the EIf 

(shown) is a variant of the 

Gnome minicar, with taller = 
ground clearance and a remov- | 
able top. The Gnome rolls ona | 
72-inch wheelbase, sports a | 
/50-cc two-cylinder engine 
driving the front wheels, and 
makes it to 50 mph in a 
leisurely 16 seconds. | 
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| WHEN YOU WANT A JOB DONE RIGHT, 
YOU DO IT YOURSELF. 


"THAT'S WHY, AT ACE, WE MANUFACTURE OUR OWN PAINT. 


Y 
We go above and beyond the standards you expect of a premium quality 


paint ~ and we do it at an affordable price. That's the reason we make our 


Hatlat& (aye 
own interior and exterior paint, stains, varnishes and specialty products. all Pair 


ad 


When you use Ace 7 Star Paint, you are assured of one coat coverage and 


durability, and your complete satisfaction is guaranteed. 


After all, it’s your home; you take pride in your work and want to make sure y 


al 


the job's done right the first time. So do we. Ace Hardware Corporation 
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Whats Neu ~ 


Jet Trainer 


When the Cold War unwound, the aircraft de- 
sign groups Yakovlev (Yak) and Mikoyan | 

Gurevich (MiG) were developing new fighter- 

pilot training aircraft for the Soviet Air Force. 
The Yak-130 twinjet, now being built with |" 

the Italian company Aermacchi, uses 
reprogrammable computerized flight 
controls that can simulate the feel of 
various fighters. Its first flight is 
expected to be late this year. 


ا 


Sporty Lada pn 


Automaker Lada is beginning to export 
its wares to Great Britain, where the 
success of the Samara 1.5GL Flyte has | 
encouraged it to try again. The | 
Samara Springer is a sporty version 
of the Flyte car with a 1.3-liter en- 
. gine. The Brits modify the raw import 
by adding a color-coordinated body- |. 
styling package, bumpers, sport 
wheels, a spoiler, and driving lights. In 
Britain, where car prices are high, the 
Russian wheels go for only $9,000. 


Desktop Planetarium Lm 
Developers of RedShift Multimedia Astronomy CD-ROM used data from the Russian space [Ж 
program to develop a 3D voyage through space and time (4,000 B.C. to 10,000 A.D.). You 
can view photos and videos of 200,000 stars and 40,000 deep sky objects on Windows or 
Macintosh systems. Price: $99. Developed by Maris Multimedia near Moscow. Distributed 
by Maxis, 2 Theatre Square, Orinda CA 94563. 


Sighi-Suuing Suh 


Unlike the submarine in The Hunt for Red October, the Sadko is 1 
\ 
A 
\ 


meant for pleasure only. It can take up to 40 passengers оп а 
one-hour sea tour at a depth of about 50 meters. Life support 
lasts for up to 72 hours. The 29-meter-long craft cruises at a Ç 
speed of three knots. Central Design Bureau for Marine | 

Engineering, 191126, St. Petersburg, ul.Marata, 90, Russia. 
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MARIO FERRO 
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КАО ORT 500.0 


TRAFFIC ADVISOR 


Passport 5000 is the ultimate 
driving instrument. An innovative, 
angled LCD monitor (patent pend- 
ing) displays far more traffic in- 
formation than conventional LED 
detectors — information required 
for total driving confidence. 

Incoming signals are quickly 
analyzed and then displayed on 
Passport 5000’s monitor, elimi- 
nating the guesswork typical of 
conventional LED models. And no 
guesswork means you can devote 
your full attention to driving. 

At a glance, Passport 5000 pro- 
vides the information needed for 
quick decision-making, such as 
the type of radar/laser used and the 
signal strength. It even displays 
when false signals are rejected. In 
addition to easy-to-read visual 
displays, Passport 5000 provides 
audible warning tones. 
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Ergonomic design and sleek 
FN ME. | e. ө curves let Passport 5000 look 
Precision Driving — кошш 


The Passport 5000 Traffic Advisor: 


Improve your ability to react with 


Introducing Passport 5000: the most advanced detector ever 
The first detector with an LCD monitor for invented. Only from the detector 
the most advanced driving protection ever. professionals at Escort. 


The first detector with an LCD monitor To order, call toll-free: 
An innovative LCD monitor (patent pending) lets Passport 5000 display more lit Canada. бай 453-3 667-5452 
information than any conventional LED-style detector. More information i 
means you can drive with complete assurance. Passp ort? 5000 $199 
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Emergency Each Passport 5000 incorporates the Emergency 8 
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been through nearly a century: GMC Truck, delivering [Independent front suspension smothers road shock 
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This special Newsfronts edition highlights advances 
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home technologies in the former Soviet Union, with 


emphasis on developments in Russia. 
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Flying Reactors 


tors for use in space have arrived 

at Kirtland Air Force Base in Albu- 
querque, N.M. They were flown from St. 
Petersburg in a gigantic Ukrainian 
Antonov-124 cargo plane. The reactors 
join two others that are now being test- 
ed at the University of New Mexico's 
Engineering Research Institute by Air 
Force researchers, aided by a team of 
engineers on loan from Russia. 

The United States has not designed a 
space nuclear reactor in 25 years. Such a 
reactor would be far more powerful than 
the solar panels currently used by the 
U.S. for its spacecraft. The former Soviet 
Union maintained an active program, in- 
vesting more than $20 billion in space re- 
actors. The Air Force purchased the Rus- 
sian reactors to help jump-start 
America's space nuclear effort. 


|ы Russian Topaz II nuclear reac- 


Topaz reactors, used to power Soviet 
spy satellites in the 1980s, incorporate 
advanced alloys that can withstand tem- 
peratures of more than 3,000°F. The 
6,000-watt reactors use highly efficient 
thermionic power generation; the power 
is produced when the intensely hot nu- 
clear core emits electrically charged par- 
ticles called thermions. The United 
States hopes to develop advanced 
thermionic reactors that could yield up 
to 40,000 watts of power for future satel- 
lites, both military and civilian. 

In the U.S. test program, researchers 
use electric heaters to simulate the 
heat produced by the Topaz reactors. 
The reactors were delivered without 
their nuclear fuel. 

Frank Thome, head of the Topaz test 
program, says that the two Russian re- 
actors purchased in 1992 have been 
subjected to heavy wear in space simu- 
lations, and he's glad to have the four 
new reactors available for testing. 
"Two of the four are the latest and best 
[the Russians] have,” he says. "They're 
flight-capable, so we will treat them 
with kid gloves." The Air Force hopes 
eventually to launch a Topaz for test- 
ing in space.—Ray Nelson 


Topaz II reactors, minus their nuclear fuel, 
arrive on a Ukrainian Antonov-124 

| cargo plane (top). The An-124, also 

| y known as the “Condor,” has a wing- 


span of more than 240 feet and can 


transport more than 330,000 


POPULAR SCIENCE * AUGUST 1994 


RAY NELSON 


+ 1 - 
Ес ET ку еб сг; у: мй 


Science éf Technology 


Geology 


Probing The 
Moon's Surface 


lake particle- 

beam technology 

originally creat- 
ed to zap Russian mis- 
siles. Put it inside a 
spacecraft built by 
McDonnell Douglas. 
Now blast the whole 
package into lunar or- 
bit with a mammoth 
Russian Proton rock- 
et. What do you have? 
А unique U.S.-Rus- 
sian program for 
probing the geology of 
the lunar surface. Or at least that’s the 
concept behind Northrop Grumman’s 
proposed Double Eagle mission. 

The year-long project, which could be 
launched early next century, is an ef- 
fort to put to new use a particle beam 
device built by Grumman Aerospace 
(now Northrop Grumman) for the Rea- 
gan-era Star Wars program. Similar to 
the atom smashers used in physics ex- 
periments, Grumman’s device acceler- 
ates protons to high speeds. But in- 
stead of crashing them into each other 
(or into a missile), the Double Eagle 
version of the accelerator would shower 
protons down onto the moon. They 
would penetrate the surface just deep 
enough to produce X rays that could be 
detected back on the spacecraft, allow- 
ing geologists to calculate the chemical 
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composition of the moon’s surface at 
that location. The high-resolution beam 
would enable researchers to investigate 
the formation of individual asteroid 
craters and canyons, for example. 

As currently envisioned, the only 
Russian contribution would be a rocket 
powerful enough to lift the hefty accel- 
erator. But Double Eagle's future is un- 
certain, because the Pentagon has 
slowed funding to a trickle, and NASA 
can't afford any new missions. To help 
it fly, Northrop Grumman hopes to re- 
design the mission over the next year, 
incorporating as many Russian space- 
craft components as possible. This 
could pare one-third of the cost, now es- 
timated at several hundred million dol- 
lars, according to program manager 
David Berwald.—Robert Langreth 


Computers 
Sizing Up The Russian Market 


mostly just that: potential. Researchers expect only a little more 

than a half-million PCs to be sold in the former Soviet Union this 
year. That’s roughly one PC sold per 320 people living in Russia, 
Ukraine, and Belarus, compared to one PC per 45 people in Japan and 
one PC per 16 people in the United States in 1994.— Chris O'Malley 


T he potential market for PCs in Russia is enormous, but it's still 
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Databases 
Digital Toxic Avengers 


cleaner environment through , 


DA That could well be 
| the motto of Russian and Ameri- 


can scientists who will soon be swap- 
ping information and advice on clean- 
ing up areas tainted by nuclear or 
chemical wastes, thanks to a new com- 
puter database system. 1 

The system, dubbed EnviroTrade 
(Environmental Technologies for Reme- 
dial Actions Data Exchange), was de- 
veloped at Sandia National Laborato- 
ries for the U.S. Department of Energy. 
It enables researchers to compile infor- 
mation about contaminated sites and 
the technologies used to detoxify or 
monitor them. 

Once this data is entered, re- 
searchers in either country will be able 
to search quickly through thousands of 
environmental case studies to match 
current projects with other sites that 
are geographically similar—and choose 7 
the most effective technologies, based 
on experience. Currently, there are 
hundreds of contaminated areas across 
the former Soviet Union [see "Siberia at 
the Crossroads," this issue]. 

Sun Microsystems is providing five of 
its workstations to operate the database 
in Russia. Already, one EnviroTrade 
workstation is being used at a former : 
nuclear weapons production site in the 
Ural mountains; three more were re- 
cently installed at scientific institutes in 
St. Petersburg, Chelyabinsk, and Mos- 
cow by Sandia researcher Mark Har- 
rington. If negotiations pan out, two more 
workstations may be shipped over soon. 

Scientists in the United States and 
Russia eventually hope to link their 
computers, possibly via satellite. Cur- 
rently, the Russian and American par- 
ties share information using electronic 
mail, but that does not allow for direct 
access to the database. Videoconfer- 
encing is another future communica- 
tions option. 

In addition to expanding knowledge 
about environmental problems, the sys- 
tem should enable the researchers to 
cooperate on projects in real time— 
something they haven't been able to do 
before. And U.S. scientists hope to learn 
plenty from the joint venture: The Rus- 
sians have already developed highly so- 
phisticated mathematical algorithms to 
predict the movement of contaminants 
such as heavy metals and radionuclides 
in groundwater, for example, and Envi- 
roTrade should allow Western scientists 
to evaluate these models and apply 
them to polluted areas in the United 
States. —Judith Anne Gunther 


Why you should pay $349 for this radio. 


Obviously, it better not be just 
another radio. This one isn’t. Quite sim- 
ply, it produces sound that’s more rich, 
natural and lifelike than you’ve ever 
heard from a radio. Many people think 
it actually sounds more like a stereo 
system. It’s no exaggeration to say you 


have to hear it to believe it. 


Another Bose" breakthrough. 


It’s the Wave® radio from Bose. 
You've probably heard of us. We're one 
of the world's leading makers of audio 
equipment. À few years ago, we set our- 
selves the task of getting Bose-quality 
sound from a radio, and to do it, we 
used our patented acoustic waveguide 
speaker technology. It uses a long, intri- 
cately curved tube that amplifies and 
enriches sound, similar to the pipes in a 
pipe organ. The big, lifelike sound it 
produces is the reason the Wave® 
radio is worth $349. 

The Wave? radio is 
small enough to fit 
anywhere 


yet still 


produces sound that lets you hear every 
note of the music the way it was meant 


to be heard. Popular Science was so 


impressed that they named the Wave® 
radio “Best Of What’s New.” 


Finally you can listen to music 
in your bedroom, your living room, 
your kitchen, any room without com- 
promising sound quality. The Wave® 
radio really will increase the pleasure 


you get from listening. 


Great sound made easy. 
We didn’t just build great sound 
into the Wave® radio, we built in a 
set of con- 


venient 


features 
no other 
radio gives 
you. With 
the credit 
card-sized remote 
control, you can 
operate the radio from 
across the room. You can 
pre-set stations and switch to 
them with the push of a button. 


There are even dual alarms. And you 


can enjoy your favorite music on the 


© 1994 Bose Corporation. Covered by patent rights issued and/or pending. 


Wave® radio by connecting it to a 
portable CD ог cassette player. Or 
enhance your television's sound by con- 


necting it to your set or VCR. 


You have to hear it. 
We don't expect you to take our 
word for how good the Wave® radio 
sounds. You really have to hear it 
to believe it. But don't rush to a store 
to hear it; the Wave? radio is only 
available directly from 
Bose. Use the toll-free | 


number or the coupon | 
to request more 
information. Or call to try out the 
Wave? radio in your home for fourteen 
days, satisfaction guaranteed. If you 
love it, keep it. If not, return it for a 
refund of the purchase price. 

Call 1-800-845-BOSE, ext. R66, or 
send us the coupon today. 

You've had a lot of radios in your 
life — big radios, small radios, portable 
radios. It's time you owned the best- 


sounding radio — the Bose Wave? radio. 
NAME 
ADDRESS 


CITY STATE ZIP 


TELEPHONE 


Call 1-800-845-BOSE, 
ext. R66. 


Or mail to: Bose Corporation, Dept. CDD-R 
The Mountain, Framingham, MA 01701- 9168! 
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Science CS Technology 


ark Lediard knew for sure 
that the technological and 
| social climate in Russia was 

fundamentally changed when he 
was first approached by a group of 
Russian scientists. They weren't af- 
ter military or scientific secrets; they 
didn't even ask Lediard for help ac- 
quiring American blue jeans. Did he, 
they wondered, know anything 
about creating CD-ROM discs? 

It was the spring of 1993 and 
Lediard, a TV producer turned 
business consultant, was in Rus- 
sia as part of a U.S. effort to gauge 
how average Russian citizens were 
reacting to government reforms. 
The Russian group seeking help 
with CD-ROM development called 
itself the Laboratory of Optical 
Telemetry (LOT) and was com- 
prised of former military scien- 
tists, Lediard was told. More inter- 
esting still, the LOT group claimed 
to have acquired the electronic 
rights to every piece of art man- 
aged by the state of Russia— 
90,000 slides—and had decided to 


Lediard thought it prudent to 
check the group out, especially 
given the legal safeguards in Rus- 
sia—lax, by American standards. 
His snooping revealed that the 
group of half a dozen scientists 
were exactly who they said they 
were: solid citizens with a vision. 

Lediard put the group in touch 
with RoundBook Publishing of 
Scotts Valley, Calif., a company 


LOT president 


Digitizing 
The Masters 


BY SANDY REED 


: which he has since 

: joined as vice president 
: of production. Now, 

: just over a year later, 

: the Russian “commer- 
: cial opportunity" has 

: become a bona fide 

: product, a multimedia 

: CD-ROM disc called 

: The Art Treasures of 

: Russia ($70). It is the 

: result of a true joint 

: venture, with LOT's scientists in 
: charge of content, including the 
: scanning of artwork and compiling : 
: of database information, and | 
: RoundBook creating the user in- 
: terface and marketing the product. : 


ava > 


Morozov (second from 
left) with his technical and sales team. 


The first step was to agree on a 


: computer: RoundBook persuaded 
: LOT to switch from IBM-compati- 
: ble computers to Macintosh 

: Quadras. The team then decided to : 
: develop the program using a mul- 
: timedia toolkit called Macromind 

: Director, which would enable them : 
: to release Macintosh and Windows : 
: versions simultaneously. 
build a CD-ROM title around them. ` 


LOT's management team was 


: loaded with scientific talent—ad- 
: vanced degrees from the Military 
: Academy, Moscow Institute of 

: Physics and Technology, and 

: Moscow State University are the 
: norm. Specialties include optics, in- : 
: frared physics, computer modeling, : 
: and image processing. RoundBook 
: supplied sorely needed marketing 

: Savvy. "LOT had no historical con- 

: sumer habits [to rely on] because 


they never had 
to do anything 
with the con- 


explains Ledi- 
scientists’ first 


sumed that 
buyers of the 


be highly so- 
phisticated 


= Thie metyakev Gallery M 


3 like themselves, resulted in a prod- 
: uct that was too difficult for even 


Lediard, a PC veteran, to use. 
The final product is very much 


: up to American multimedia stan- 
dards. The Art Treasures of Russia, : 
: which was slated to be released 

: this summer and should be avail- 

: able now, is an overview of Rus- 

: sian art. Many of its pieces, includ- 


ing historic photos and slides of 


: paintings by Russian Realists and 
: Impressionists, have been inacces- 


sible to outsiders for decades. The 
disc also contains multimedia 


: tours of major Russian museums, 
: in which curators lead the user on 
: video tours. Within each museum, 
: individual works are highlighted, 

: accompanied by narrated text. 


Some of the works in The Art 


7 Treasures of Russia are traditional 


paintings by artists such as da 
Vinci, Matisse, Picasso, Renoir, 


: and van Gogh. Others, such as 
: those from the Kremlin museum, 


: are slides of thrones and coaches 

: used by the Russian czars, gifts to 
: heads of state from centuries past, 
: and, naturally, the much-coveted 

: eggs crafted by the Fabergé firm of 


goldsmiths. Russia abandoned its 


: system of centralized state control 
' over all aspects of art in 1991. 

: Custody of the slides of the official 
: collections went to the USSR 

: Academy of Art. 


The Art Treasures of Russia is 


: the venture's first effort, but not its 
: last. Lediard anticipates that anoth- 
: er half-dozen CD-ROM titles will be 
: released over the next three years, 

: with each disc containing images 

: from 200 to 300 of LOT's 90,000 

: Slides. Included in the slide collec- 

: tion are images from six major 

: Russian museums (including the 

: Hermitage, Pushkin, and Kremlin), 

: plus photos of performing arts, 

: such as the Bolshoi Ballet. The au- 

: dio and text are in both Russian 

; and English. 


More Art On CO-ROM 


sumer in mind,” : 
ard. Indeed, the : 


effort, which as- : 
CD-ROM would | 


computer users : 


P he Russians 
aren't the only 
ones digitizing 


the masters. Other art 
collections are on CD- 
ROM as well. 
Microsoft's Art 
Gallery ($80) features 
the art collection of the 
National Gallery in 
London. The National 
Gallery houses the 
British National Collec- 
tion of Western Euro- 


pean Painting, includ- 
ing more than 2,000 
works from artists 
such as da Vinci, 
Michelangelo, Monet, 
and van Gogh. Art 
Gallery presents the 
masterpieces, basic 
descriptions of their 
origin, and animations 
that explore the tech- 
niques used by these 
great artists. 

At least one other 


title preceded Art 
Gallery. Quanta Press 
(612-379-3956) sells 
a CD-ROM collection 
called Impressionism 
($80), with 600 can- 
vases from the likes 
of Cézanne, Manet, 
and Renoir. Quanta 
plans to offer similar 
collections called Ab- 
stract and Great Mas- 
ters later this year or 
early next—C. 0. 


Lommunications 


Russia On-Line 


nications and postal systems, 

e many Russians are turning to a 
newer and more reliable alternative: 
PCs and on-line services. 

As elsewhere, the appeal of on-line 
connections in Russia is mainly the 
ability to exchange electronic mail, get 
the latest news, and sift through 
databases for information. But Rus- 
sians have added incentives for getting 
on-line: E-mail is a more dependable 
medium than either phone calls or fax- 
es in their country, since error-correct- 
ing PC modems can usually deliver 
messages intact despite the hissing and 
crackling of poor telephone lines. And 
on-line news services are more timely 
and have broader coverage than most 
newspapers and magazines—when you 
can get them delivered at all. 

As a result, electronic bulletin boards 
and commercial on-line services are 
sprouting regularly in Moscow, St. Pe- 
tersburg, and other urban areas. 
Relkom is Russia’s largest on-line ser- 
vice, offering e-mail and bulletin board 


Е with subpar telecommu- 


The Moon 


Lunar Landers 


San Diego company 
A plans to offer launches 

to the moon, using 
Russian rockets and landers 
that are less expensive than 
their American counterparts. 

International Space Enter- 

prises (ISE) estimates that 
the Russian launches will 
cost 80 to 90 percent less 
than conventional American 
launches. The first mission is 
scheduled for 1997, depart- 
ing from a launch site at 
Baikonur in Kazakhstan. 


Khrunichev Enterprises 
will build the powerful Pro- 
ton rockets under a contract 
with ISE. Lavochkin Associa- 
tion, the Russian airplane 
and rocket manufacturer, will 
build the lunar landers and 
manage the missions. 

"The moon is once again 
within reach," says Michael C. 
Simon, ISE's president. “We're 
selling tickets." Customers 
might include businesses that 
want to test concepts for min- 
ing the moon. ISE also is ap- 
proaching scientists, and ad- 
vertisers who could showcase 
a product on the moon. 

ISE has already signed an 
agreement with LunaCorp of 


Arlington, Va., a company 
that wants to put a six-foot- 
long, remotely controlled 
rover on the moon. LunaCorp 
envisions a theme-park at- 
traction that would allow peo- 
ple to drive the rover [“Elec- 
tronics Newsfront," June]. 

John Pike, space policy an- 
alyst for the Federation of 
American Scientists, says the 
low cost of operations could 
make the business a Success. 
"There are people who may 
become interested once they 
know the possibility exists," 
Pike says. "I didn't know ten 
years ago that | needed a fax 
machine, but now | depend 
on it."— David Graham 


connections to about 200,000 users in 
most of the major cities of the former 
Soviet Union. That's a much smaller 
membership than U.S. services such as 
Prodigy and CompuServe, but it’s an 
impressive total in a country where rel- 
atively few businesses, and even fewer 
consumers, own PCs. 

Some services operate in English 
and connect with the West via e-mail 
on Internet. Glasnet, operating since 
1990, is one such service. The sub- 
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scriber numbers for these services are 
tiny by Western standards as well, but 
they are clearly having an impact on 
how Russia conducts business. It's in- 
creasingly common, for example, to see 
an Internet or Relkom e-mail address 
on Russian business cards. On-line ser- 
vices have had a major effect on govern- 
ment business too: During the attempt- 
ed military coup in 1991, many 
Russians used their PCs to send e-mail 
to a worried world.—C. O. 
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Lotrimin* AF kills all causes of athlete's foot. „= 

Athlete’s foot is a predator that literally eats your feet alive. E 
It's caused by many types of fungus. And to cure them all, 
you've got to kill therm all. 

That's why you need Lotrimin AF. Full prescription-strength 
medicine; the brand doctors recommend most. Lotrimin AF 
doesn't just kill some causes of athlete’s foot, it kills them all. 


Now Lotrimin AF cornes in new spray and powder. 
New forms, same killer results. 


The Killer Cure. 


do ©1994 Schering Plough HealthCare Products, Inc. Read and follow label directions. 
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Mission To Mars 
Where Are We? 


n international space mission to 
A: launched in 1998 will deliver a 

Russian-built rover to the surface 
of Mars. The vehicle will analyze rock 
and soil samples at as many sites as 
possible in a search for clues about the 
red planets composition, and for evi- 
dence that some form of life may once 
have existed there. Caution will be the 
watchword for mission controllers back 
on Earth, whose 
greatest fear is get- 
ting their explorer 
stuck in a crevasse— 
a mishap that would 
curtail the robot’s 
sampling work. 

In late March, sci- 
entists and engineers 
from The Planetary 
Society, NASA, and 
three Russian space 
institutes gathered 
in a McDonnell Dou- 
glas Aerospace lab in 
Huntington Beach, 
Calif., to rehearse 
rover teleoperation, 
or joystick driving by 
remote control over 
long distances. About 
200 miles away in 
the Mojave desert, 
the six-wheeled rover 
—named Beagle af- 
ter Charles Darwin’s 
ship—clambered 
over the jagged land- 
scape around Amboy 
Crater, an ancient 
volcano with features 
that resemble the 
Martian terrain. Still pictures captured 
by the Beagle’s stereoscopic video cam- 
eras arrived at the lab via satellite. 

An imaging team assembled the ar- 
riving pictures into a mosaic. The 
team’s task: Correlate the emerging 
mural with aerial photos of the crater 
to figure out the Beagle’s location. Al- 
though the rover has on-board intelli- 
gence that helps it avoid obstacles, the 
best way to keep the vehicle out of trou- 
ble is by knowing precisely where it is. 
Then the operator can signal the Beagle 
to crawl forward, 25 feet at a time, with 
reasonable certainty that it won't get 
stuck. After each maneuver, the opera- 
tor waits for updated pictures to appear 
on a stereoscopic headset. In the up- 
coming mission, communications will 
require eight to 40 minutes to make the 
round trip between Earth and Mars, 
depending on the planets' positions. 
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Aviation 
Safer Skies 


ravelers were recently 
advised not to fly over 


the former Soviet Union 


because of its decaying air- 
traffic infrastructure. Now a 


Russian military producer is 


teaming up with Westing- 
house Corp. to make flying 


combines Russian hardware 
with Westinghouse software 
and other components. 
Russia's All Union Scientific 
Research Institute of Radio 


‚ Equipment and Baltimore- 


based Westinghouse plan to 
demonstrate the system at the 
Polkava Airport in St. Peters- 
burg by next year. Production 
could begin by 1996. 

The project will use a Rus- 
sian version of monopulse 


transponder. The transponder, 
in turn, reports the plane's 
identification number, along 
with its altitude and its loca- 
tion in the sky. A Westing- 
house processor and inter- 
face software will control the 
system. 

The resulting radar will have 
a unique capability: Russia and 
other Eastern nations have tra- 
ditionally used a different radio 
frequency than that used in the 


safer. Together, they will cre- 
ate a highly accurate air-traf- 
fic-control radar system that 
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Earth, the Beagle rover will explore Mars. 


The two Viking landers that arrived 
on Mars in 1976 touched down in unex- 
pectedly rocky areas and were lucky 
not to have tipped over. The Viking or- 
biters had extensively photographed 
the planet's surface before dispatching 
the landers, but the orbiters' cameras 
weren't good enough to spot the rocks. 

Higher-resolution cameras aboard 
the future Mars orbiter will deliver im- 
ages of potential landing locations in 
greater detail. As the lander descends, 
it will correct its course in search of a 
hospitable touchdown site, similar to 
how a cruise missile navigates by com- 
paring the terrain beneath it with a 
map stored in its computer memory. 
The lander will also take snapshots of 
the approaching surface, and the imag- 
ing team will use these pictures to an- 
swer the question: Where the heck are 
we?—Stuart F. Brown 
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secondary surveillance radar, 
which emits a signal to com- 
municate with an aircraft 


West. The new radar system 
Will work with both frequen- 
cies.—Mariette DiChristina 


Chemistry 
Odor Beater 


ver wonder why dirty socks and 
E eggs smell bad? It's the 
| mercaptans—hydrogen sulfide 
molecules. With today's best technolo- 
gy, carbon filters, you can remove five 
percent of these molecules. But soon 95 
percent of the odor will be eliminated 
by a catalytic deodorizer, accidentally 
discovered by scientists at Niopik, a 
Russian laser dye laboratory. 

The catalyst is phtalocyanine, a com- 
pound that causes hydrogen sulfides to 
oxidize and turn into water, carbon 
dioxide, and odorless forms of sulfur. 
Phtalocyanine has long been known to 
have this property, but scientists didn't 
know how to stabilize it on a carrier— 
such as a shoe sole, diaper lining, or 
kitty litter. 

When phtalocyanine is in an alkaline 
state, it can be spread thinly on a carri- 
er for maximum effectiveness. But 
acidic conditions make the phtalocya- 
nine contract into a ball. The Russian 
scientists discovered a way to make 
carbon-based materials that can main- 
tain the alkaline environment the 
phtalocyanine needs. Colgate Palmo- 
live, Proctor & Gamble, and 3M have 
expressed interest in licensing the tech- 
nology.—Suzanne Kantra 
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NoMatter How Far Ihe 


ourney 


The Need IloMakelIt Home Is Basic. 


Why is it the farther away we travel the more 
we think about home? Is it the fear of not making it 
back? Or is it just our natural instinct. 

Whatever the reason, here’s peace of mind: 
The 1994 Toyota 4Runner SR5 V6. With a 
legendary reputation for quality and reliability 
that has made the competition, well, a bit envious. 

Of course, there’s a lot 


more to it than just a great 


reliability story. Just look at what the rugged 


Toyota 4Runner carries on every single journey. 
Like a powerful V6 engine. “Shift-on-the-move” 
4WDemand. Rear Anti-lock Brakes* Side-door impact 
beams. And child-protector rear door locks. Every- 
thing you possibly need for your journey into the 
unknown. Even if that's the corner of 5th and Main. 
The Toyota 4Runner. For the 


O TOYOTA 4Runner way there. For the way back. 


“I love what you do for me” 


Call 1-800-GO-TOYOTA for а 4Runner brochure and the location of your nearest dealer. Toyota reminds you to Tread Lightly ™ on public and private land. 
*Available 4-wheel ABS on SR5 V6 models. Buckle Up! Do it for those who love you, © 1994 Toyota Motor Sales, U.S.A., Inc. 
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Hardware 
Joint Maneuvers 


clever hinge gives doors the flex- 
ibility of a contortionist—and is 


invisible to boot. Developed by 
Russians Anatoly Gleb and Igor Es- 
man, the hinge enables doors to open 
in both directions and fold flat against 
either adjacent wall. 

How does it work? Inside the hinge 
are two levers; both are mounted on 
pivots at each end. When the door is 
closed, one lever crosses the other in 
an “X” shape. As the door is opened, 
both levers rotate on the pivots until 
they align, one over the other. As a re- 


This Russian 


hinge is recessed, 


and invisible. 


sult, the door travels in an elliptical 
arc, not a semicircle. 

Because the hinge is recessed into 
cuts in the edge of the door and door 
frame, where it is secured by screws, it 
is completely hidden from view. It is 
available in several versions for differ- 
ent joint styles, materials, and load re- 
quirements. The hinge offers a sleek, 
aesthetically pleasing alternative to 
conventional hinges for kitchen cabi- 
netry, furniture, decorative screens, 
and interior doors such as those lead- 
ing to a butler’s pantry. 

Although the hinge is being market- 
ed in Russia through Atlas City, a 
Moscow-based company, it is not cur- 
rently for sale in the United States. 
—David Scott and J. A. G. 


Materials 


Ceramics That 
Beat The Heat 


he most prestigious 
Т materials-research 

center in the former 
Soviet Union plans to mar- 
ket two unique new com- 
pounds that could lead to 
more fuel-efficient cars, 
trucks, and airplanes. 

The Institute for Problems 
of Materials Science (IMPS), 
a 3,500-researcher mega- 
laboratory in Kiev, Ukraine, 
has developed a new type of 
ceramic composite that 
could prove useful in diesel 
engines. 

Engine makers have long 
been fascinated by ceramics 
because they can withstand 
higher temperatures than 


metal; at hotter tempera- 
tures, fuel burns more effi- 
ciently. The hitch: Ceramics 
are brittle, making them less 
than ideal for high-stress 
environments like engines. 

But the laboratory says it 
has formulated a silicon-tita- 
nium composite that retains 
its strength at the tempera- 
tures produced by a diesel 
engine, and, in fact, up to 
900^C—well above temper- 
atures metal can withstand. 
Although officials from 
Emtech, the Toronto-based 
company marketing the ma- 
terial, are keeping the exact 
composition of the ceramic 
secret, they say the material 
is currently being tested by 
a major manufacturer of 
diesel engines. 

The Ukrainian Institute al- 
so operates the only scandi- 
um mine in the world. Using 


the supply of this extremely 
rare metal, the institute has 
created and patented several 
unique aluminum alloys that 
it claims are stiffer:than all 
existing alloys of aluminum, 
but just as lightweight. 
Through Emtech, it will soon 
start selling the alloys to 
Western buyers. 

If they live up to their 
billing, the new metals 
would be ideal for building 
lighter or more durable jet 
aircraft; this is important be- 
cause every extra pound 
added to a jet boosts fuel 
costs tremendously—and 
decreases performance. 
They also could allow car 
makers to use more alu- 
minum, say aluminum in- 
dustry experts. This would 
help reduce vehicle 
weight—and hence boost 
gas mileage.—R. L. 
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Home Electronics 


Radio Shack 
Goes To Russia 


et back from Moscow’s Leninsky 
Prospect, an eight-lane boulevard 
in a neighborhood of science 
academies and apartment buildings, 
stands a landmark to consumerism: 
the first Radio Shack franchise in Rus- 
sia. Occupying two levels behind a 
large window, the 25,000-square-foot 
store opened this past New Year’s Eve. 

Unlike other stores in Russia, mer- 
chandise isn't kept behind locked coun- 
ters. The store stocks some 3,400 prod- 
ucts ranging from resistors to 
television sets to multimedia comput- 
ers. The diversity and abundance of 
such products under one roof, rare in 
Russia, appeals to both hobbyists and 
affluent consumers. 

Manager Steve Williams says that 
though his shop's prices are necessarily 
about 30 percent higher than those at 
Radio Shack stores in the United 


M Ф 


калю SHACK | 


States, prices for the same items else- 
where in Moscow are typically marked 
up even more. 

In the first five months of operation, 
he says, the most popular sellers have 
been telephones and phone accessories, 
car stereos, videocassette recorders, car 
alarms, boom boxes with CD/cassette 
players, and all kinds of batteries. One 
woman who had trouble finding watch 
batteries brought in 12 timepieces to be 
rejuvenated. 

Prices are posted in dollars because 
signs in rubles would have to be 
changed every few days to keep up with 
inflation, says Williams. The franchise 


Radio Shack is wholly owned by Ше. 


Florida-based Trident Corp., which 
plans to open other Radio Shacks in 
Russia. 

The store has yet to do any advertis- 
ing. Williams says, “The word of mouth 
is extraordinary." —Michael Antonoff 
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Tracking 
Space Debris 


Russian technology for tracking 
A missiles may soon be used to 

spot orbiting objects as small as 
one centimeter in diameter and as far 
away as 1,000 kilometers. Current sys- 
tems cannot detect space debris smaller 
than ten centimeters across. 

Called optical phase conjugation, the 
tracking system bounces a laser beam 
off faraway objects. Normally, ripples in 
the atmosphere distort the reflected sig- 
nal. But the Russians use a mirror, 
made from pressurized gas or ultrapure 
liquid, to correct these distortions. 

Russian researchers are at least five 
years ahead of U.S. scientists in the de- 
velopment of tracking systems that em- 
ploy high-energy laser pulses. To catch 
up, the Idaho National Engineering Lab- 
oratory and the Air Force are paying the 
Russians to demonstrate their technolo- 
gy. It could also be used to detect envi- 
ronmental contaminants in the atmo- 
sphere.—Dawn Stover 


Radar 


Deep Vision 


ussian researchers, like their 

American counterparts, are anx- 

iously searching for ways to 
commercialize military technologies. 
A St. Petersburg company that pro- 
duces radar systems may become one 
of Russia’s first defense-conversion 
success stories. 

Leninets Association has developed 
radar that can locate, from a plane, 
objects buried up to 99 feet under- 
ground. Among the applications: Geol- 
ogists could use the radar to map min- 
eral resources, and engineers could 
assess conditions for road construction 
and pipeline installation. The radar’s 
closest rival is a system developed in 
the United States that can penetrate 
no deeper than 28 inches, claims 
Leninets vice president Yevgeny 
Guryanov. 

The Oman Oil Company is eager to 
use the new radar to construct an oil 
pipeline that would join the former 
Soviet republic of Kazakhstan with 
the United Arab Emirates. But be- 
cause Leninets is short of develop- 
ment funds, the radar remains un- 
tested. It may take another $3 million 
to develop and test the system fully. 
—Wordservice International 
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If you're stuck with a chain drive opener, you know the 
7 answer. Chain drives rely on a noisy, greasy, slack chain 
P with hundreds of little links that can stretch or even break. 
Consider the advantages of installing a Genie? Screw Drive Opener: 

Increased Strength. Unlike most chain drive openers, Genie's 
solid ten-foot steel screw and direct-drive technology deliver more 
lifting force to your door. 

Maximum Power, Quiet and Durability. Genie's reliable transfer 
of power, from motor to screw to door, delivers a quieter, smoother lift 
and close. Time after time, year after year. 

"Tighter" Security. Chains flex, wobble and give. But Genie's 


manual operation. 
The Standard for Safety. Every 1993 model Genie meets or 
exceeds the strict mandates of The Consumer Products Satety Act. 3 
And every Genie has earned the UL? Mark of Safety. | S 
Easy Installation. Follow the step-by-step illustrated | S | | 
instructions. We even have a how-to home video and a toll- SE 
free HELP hotline. Or you can Just call an authorized S$ 
Genie Professional to do the job. Á SS 
For the name of your nearest Genie dealer or rz A 
Professional Installer, call 1-800-87-GENIE. / -5 
In Canada, call 1-800-654-3643. 


GENIE 
Built ForA Lifetime. 


GXL Series 


©1993. Genie is a registered trademark of The Genie Company, Alliance, Ohio 44601. UL Listed. CSA Certified. 


| im demise of 
+ 
Ê the $11 billion 


Superconducting 


U 


Super Collider in 
the United States 
also had ramifica- 
tions for Russia's 
. Scientific communi- 
ty. Twelve Russian 
institutes were con- 
tracted to supply 
$50 million worth 
.. of equipment to the 
SSC project, a sub- 


stantial source of 


hard currency. For- 
tunately for them, 
the Russian physi- 
cists who would 
have contributed to 
the SSC signed an 
agreement last Oc- 
tober with CERN, 
the Geneva-based 
particle physics 
center. The deal 
may allow them to 
supply hardware 

. and services to 


. what would be the 


world's largest 


atom smasher. 
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: L] а Г _ а 
oviet scientists and engineers won Nobel 


Prizes and pioneered space exploration. 


Now, they are struggling for existence. 


he Russians are 
playing with a dif- 
ferent set of rules 
these days. It’s called 
“anything goes.” 
ЗЕРРЕ Апа it’s devastating 
the country’s once-lofty science 
and technology establishment. 

The rules changed with the 
breakup of the old Soviet Em- 
pire, beginning in December 
1991, and the simultaneous 
abandonment of the weapons 
race that was the legacy of the 
Cold War. The result is a second 
Russian revolution 77 years after 
the first, with attendant political, 
social, and economic chaos. 

Signs of chaos were obvious 
when I visited Moscow last April. 
It was like a trip to the Barbary 


| Coast, where piracy reigned and 


absolutely anything—and almost 
anybody—could be bought, if you 
had enough hard cash. 

It was a Moscow that had been 
transformed into the world’s 
largest flea market, where flimsy 


| street kiosks filled with imported 


camcorders, video games, and 
portable TVs are guarded 
against theft by thugs for a mere 
20 percent of sales. Where a new 
Cadillac Fleetwood, sold off the 


floor of what was once a depart- 
ment store called “Children’s 
World,” goes for $74,000. Where 
a Moscow health committee 


warned against an outbreak of . 


trichinosis from contaminated 
pork sold in the city’s open-air 
street markets. Where organized 
crime controls or extorts money 
from 50 to 80 percent of private 
shops and businesses, including 


| the 2,000 or so banks that have 


sprouted in Moscow during the 
last few years. Where entrepre- 


neurs become overnight million- 
aires by illegally selling state 
property. Where, as one Mus- 
covite told me, “everyone wants 
to buy and sell, but no one wants 
to make anything.” Where 30 
percent of the population lives in 
poverty. 

This second revolution has un- 
dercut many assumptions of 
Russian life, none more so than 
the primacy of the vast scientific 
and technological enterprise, 
which once numbered a million 
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members. Of that number, 
30,000 have emigrated to Israel, 
thousands more to the United 
States and Europe. Perhaps 
200,000 have opted for “internal 
emigration,” quitting their jobs 
but remaining inside Russia. Of 
the 100 scientists most frequent- 
ly cited in scientific journals in 
1990 (and therefore the cream of 
the crop), at least half now have 
permanent jobs outside Russia. 
There is no money left in Russia 
for science. 

The dangers of this kind of 
decimation and the throttling of 


Russian science are grave. The collapse of 
The virtual abandonment of 
many nuclear scientists | the Soviet 
and engineers by the state 
has created a desperate | Empire begun 
class of drifters capable of 
exporting their weapons | under Mikhail 
expertise—and even, with 
the help of organized | Gorbachev and 
crime, bomb materials—to 
outlaw regimes (see “Nu- completed 
clear Chaos”). 
More fundamental is the | under Boris 
price America—and the 
world—would pay for the | Yeltsin has 


death of Russian science. 
Over the years, that huge 
enterprise (the Russian 


devastated Rus- 


Academy of Sciences con- | sian science 
trols more than 300 basic 
research institutes) has | and technology. 


contributed to every coun- 

trys well-being by advanc- 

ing civilization’s state of 
knowledge of our planet 
and of the solar system we 
live in. Soviet scientists 
have garnered eight Nobel 
Prizes in physics, chemistry, 
and medicine and physiology. 
Soviet engineers have ad- 
vanced the arts of communica- 
tion and space exploration. 

Now this once-mighty engine 
for knowledge has been hum- 
bled, its rich potential for future 
contributions to the world’s wel- 
fare threatened. 

“Civilization would be much 
poorer without Russian science,” 
says Nobel laureate Leon Leder- 
man, Director Emeritus of the 
Department of Energy’s Fermi 
National Laboratory. “Apart 
from outstanding discoveries in 
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Russian scien- 
tists are form- 
ing international 
partnerships in 
areas where 
they have spe- 
cial expertise: 
lasers, fiber op- 
tics, oceanogra- 
phy, fusion, and 


marine biology. 
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disciplines ranging from space 
to biology to particle physics to 
mathematics, Russian scientists 
provide the kind of intellectual 
stimulation and fertilization of 
ideas that makes science a glob- 


| al community." 


xamples abound: The toka- 

mak device is the United 

States' leading candidate 
for a practical fusion energy ma- 
chine; tokamak is a Russian 
word, and the tokamak design 
was invented at Moscow's Kur- 
chatov Institute. Lasers are now 
ubiquitous, found in everything 
from CD players to periodon- 
tists’ offices; Russian physicists 
were awarded the Nobel Prize 
in 1964 for fundamental laser 
research. And the Russian-in- 
vented “Siberian snake" is a de- 
vice used in high-energy physics 
to enhance synchrotron radia- 
tion, used to X-ray equipment 
components and welds. 

“Now high-energy physics in 
Russia is essentially wiped out,” 
says Roald Sagdeev, a Russian 
plasma physicist who was once 
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high in the councils of the Soviet 
government and served as direc- 
tor of Moscow’s Space Research 
Institute for 15 years. Sagdeev 
now teaches at the University of 
Maryland (see “How the Soviets 
Got the Bomb”). “What we have 
left,” he says, “is the network of 
institutes. They are completely 
dependent, financially and in ev- 
ery other way, on their chance to 
participate as junior partners in 
international projects.” 
Contributing to the woes of 
high-energy physicists is the 
soaring cost of electricity, which 
has multiplied fifteen-fold just 
since the start of 1993. As a re- 
sult, many facilities simply can- 
not afford to run their experi- 
ments, which typically gobble 
huge amounts of electrical ener- 
gy. The Institute of High Energy 
Physics in Protvino has enough 
funding to energize its accelera- 
tor for only two or three weeks 
in each calendar quarter. Full- 
time use would leave no money 


for physicists’ 
salaries. Some of 
the monthly 
electricity bills 
actually exceed 
the total state 
budget allotted 
to the institutes 
for that period. In March, Boris 
Saltykov, head of the Ministry of 
Science and Technology, an- 
nounced that 50 such institutes 
would have to pay only half of 
their debilitating bills for elec- 
tricity. But that left another 270 
institutes in the lurch. 

Sagdeev is not optimistic 
about other scientific sectors. 
“We see the same picture across 
the whole spectrum of disci- 
plines,” he says. 

For example, the Russian 
aerospace community lost ap- 
proximately two-thirds of its 
budget in the upheaval. “You 
can follow the decline of the Rus- 
sian space program by counting 
the number of launches,” 
Sagdeev says. “At the peak a few 
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years ago, Russia was launching 
more than 150 spacecraft and 
space probes annually, the Unit- 
ed States 100. Russia was 
launching cheaper, simpler, 
short-lived spacecraft to com- . 
pensate for the more sophisticat- 4 
ed and almost immortal Ameri- | 
can spacecraft like Voyager. Now 
the number of launches has 
dropped to about one-third of 
the previous total.” 

However, says Sagdeev, the | 
biggest loss may have been sus- 


tained by the Rus- 
sian computer 
and electronics in- 
dustry. On top of 
the breakdown in 
the budget, at the 
end of the Cold 7 
War in 1990 Rus- 

sla was immedi- 
ately flooded with 
foreign-made computers, mostly 

PCs. Russian domestic comput- 

ers, backward compared with 
those produced in the rest of the ^ 
world, were immediately wiped 

out. "There was no more need 

for research in microelectronics," 

he says, because the Russians 
were hopelessly far behind *and 
huge crowds of experts in soft- 
ware, for example, now hope on- i 
ly to get contracts from United 
States companies or.even the 
U.S. government.” 

Indeed, I learned that the only 
potential for salvation for Rus- 
sian scientists and engineers 
lies in cooperative ventures with 
the United States and other 
countries, where the payoff for 
Russians is sustenance, and the 
payoff for their partners is spe- 
cial knowledge and expertise. 

Without the funds that flowed 
from the massive military-in- 
dustrial complex of Soviet times, 
scientists and engineers are 
scrambling to keep their re- 
search—and themselves—alive. 


“There are three basic causes 
for the present problems of Rus- 
sian science,” Saltykov told me. 
“The first is lack of money. The 
second is lack of money. And the 
third is lack of money. 

“In the first half of 1992 we 
dramatically changed the struc- 
ture of economics and society— 
one of the main changes was de- 
militarization. Orders—and 
payments—from the military to 
industry and science dropped by 
more than half. Maybe it was a 
mistake to impose such budget 
reductions on the science com- 
munity, which is huge and com- 
plicated. Maybe we pressed too 
hard. Even the Academy of Sci- 
ences, which conducts mostly 
basic research, received a third 
of its budget from the military.” 


Total government spending on 
science dropped from six percent 
of gross national product in 1991 
to three percent in 1993, and the 
GNP has been dropping steadily 
since 1991. Scientific institutes 
that were heavily involved in de- 
fense work were hit much harder 
than even these figures imply; 
funding for such work declined 
80 percent from 1991 to 1992. 
The 1993 science budget was 
about 800 million dollars, and 
Saltykov said it would remain at 
that level for at least the first 
part of 1994. (The total U.S. re- 
search and development budget 
for 1994 is about $68 billion, in- 
cluding $36 billion in the De- 
fense Department budget.) Re- 
search is almost at a standstill at 
many facilities, Saltykov said. 

“Our first goal is to prevent 
our scientific potential from be- 
ing destroyed, especially our 
ability to do basic science. It’s 
not only in Russia’s interest to 
save Russian science, because 
it’s a real treasure chest for the 
whole world.” 

The plight of scientists in Rus- 
sia today is desperate; salaries 
are often below those of unskilled 
workers. “Russian scientists now 


have to be almost more worried 
about buying bread and milk for 
their families than about their 
own work,” Saltykov told me. 

Some members of the Russian 
Academy of Sciences earn $6 a 
month. At the Institute of Theo- 
retical Biophysics in Pushchino, 
a city 60 miles from Moscow that 
is home to eight research insti- 
tutes in chemistry and life sci- 
ences, scientists earn around $10 
a month. To eke out this salary, 
some pick potatoes. For every ten 
sacks they pick, they can keep 
one, and three sacks is worth a 
month’s salary. Frank Starmer, a 
Duke University scientist who 
worked with members of the in- 
stitute, reported that “about 
$20,000 a year would support 
three senior investigators, six 
postdoctoral students, and sup- 
port staff and assistants.” 

At the Institute of Organic 
Chemistry in Moscow, scientists’ 


| salaries averaged about 20,000 
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rubles a month in mid-1993, 
perhaps $13. Workers who 
cleaned Moscow's subway sys- 
tem got 22,000 rubles. 

At some institutions, a senior 
physics researcher earns $12 a 
month, less than what a bus 
driver makes—and the buses 
don't even run on time. 

And at Akademgorodok, a sci- 
ence enclave in the Siberian city 
of Novosibirsk, even a full pro- 
fessor got a salary of just $40 a 
month in January 1994. 

Frequent shortages of hard 
cash have forced the once-cosset- 
ed scientists at the weapons labs 
of Arzamas-16 and Chelyabinsk- 
70 to scrounge for food. А worker 
in a civilian laboratory was paid 
a month's wages in vacuum 
cleaners. To raise enough money 
to live on, he joined the other 
flea-market vendors in Moscow's 
underground passageways. 


в a result of this financial 
Д some scientists 
and engineers simply 
leave their occupations but stay 
in Russia to find more lucrative 
careers, like a computer pro- 
grammer who left a prestigious 
institute to get a job program- 
ming sewing machines in a blue 
jeans factory. Almost half of the 
employees of that division have 
left, says its head, Boris Baba- 
ian (see “Computer Czar.”) 
Other scientists have sought a 
variety of ways to supplement 
their income, ranging from the 
pedestrian to the enlightened. 
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Some drive cabs, or sell vodka. 


Yuri Tamburenko, a spacecraft | 


designer, told me he now works 
only part-time for Moscow’s 
Space Research Institute. The 
rest of the time he spends in the 
United States working for Loral 
Space Systems. 

Vladimir Vlasenkov spent a 
dozen years at the Kurchatov In- 


` stitute in Moscow, a center for fu- 


sion research. Now he is scientific 
secretary of ITER (International 
Thermonuclear Experimental 
Reactor), the consortium for a fu- 
ture fusion reactor. But he has al- 
so become a businessman, pro- 
moting the distribution of 
American books, such as the var- 
ious Time-Life series. On top of 
everything else, he has become 
the Moscow representative of an 
international literary agency, 
Lynn C. Franklin Associates, Ltd. 

“In today's Russia," he said, 
while proudly showing me cup- 
boards filled with American 
books, “you have to make your 
opportunities. The trouble is 


that so many scientists and oth- | 


er people knew only how to take 


orders. Now those people are | 


lost.” 

The most promising route to 
self-sufficiency for Russian sci- 
entists is to form mutually prof- 
itable commercial agreements 
with foreign companies, espe- 
cially in the United States. Boris 
Babaian’s arrangement with 
Sun Microsystems is a para- 
mount example; there are many 
others. 

The Budker Institute of Nu- 
clear Physics in Novosibirsk has 
sold $250,000 of equipment to 
Duke University’s John Madey, 
inventor of the free-electron 
laser, for use in his experiments. 
The hardware, Madey says, was 
“unavailable from any other 
source at any price.” Madey is 
trying to raise half a million dol- 
lars to ship Budker’s free-elec- 
tron laser, the OK-4, to Duke, 
and to pay three years’ worth of 
salaries for Russian laser ex- 
perts to operate it. 

One spectacular example of 
such East-West collaboration 
was the Russian-American- 
Canadian IMAX/Titanic '91 Ex- 
pedition, which was led by Ana- 
toly Sagalevich of Moscow's Р.Р. 
Shirshov Institute of Oceanolo- 
gy. Besides collecting valuable 
scientific information, the trip 
resulted in the Toronto-based 
IMAX Corp.'s film of the sunken 

[Continued on page 78] 
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A first desig- 
Anated the 


Manhattan Engi- 


neer District by the 


U.S. War Depart- 


ment, the Manhat- 


tan Project (also 


known as Project 


Y), whose purpose 
was to design and 
produce an atomic 
bomb, was located 
at a site occupied 
until 1942 by the 
Los Alamos School 
for Boys in the Je- 
mez mountains of 
New Mexico. After 
World War Il, the 
Los Alamos Scien- 
tific Laboratory, op- 
erated by the Uni- 
versity of California 
for the Atomic En- 
ergy Commission, 
developed the 
H-bomb. The secret 


city of Los Alamos 


became “open” 


in 1957. 
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With roaring fire and flashing 
flight of steel, tank men will car- 
ry out violent attacks, when or- 
ders come from Comrade Stalin. 
—Soviet patriotic song 


ong before the tanks of 
the Red Army entered 
besieged Berlin, Josef 
Stalin knew that the 
era of the tank men 
was over. Soviet espi- 
onage networks in the United 
States and the United Kingdom 
had already started to send mes- 
sages about the Manhattan Pro- 
ject to build an atomic bomb, and 
even descriptions of an early de- 
sign for a plutonium bomb. 

Stalin needed the bomb des- 
perately. With the first American 
test explosion at Trinity site in 
the Alamogordo Desert on July 
16, 1945, the international race 


| to build the first nuclear weapon 


was lost to the United States. 
The Soviet efforts to establish 


| a nuclear program—a massive 


effort comparable to the Amer- 
ican Manhattan Project—started 
in the winter of 1943, when the 
government brought several sci- 
entists and leaders of military in- 
dustry to the Kremlin to meet. At 
that moment, Stalin chose Igor 
Kurchatov to lead the project. 
Kurchatov represented Stalin’s 
quest for the “new man" of sci- 


Some who made the Soviet H- and 
A-bombs: Clockwise from top: 
Andrei Sakharov, Igor Kurchatov, 


Yuly Khariton, Lavrenti Beria. 


Which contributed more to the creation of the Soviet 


Union's nuclear weapons—science or espionage? An 


eminent Russian physicist untangles the controversy. 


BY ROALD SAGDEEV 
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THE BOMB MAKERS 


Dep: Minister 
. of Defense 


Prime 
Contractors 


| eres ины oer 
Weapons Integration — ^ 
Plants; Test Sites) £ 


“Window Dressing‘ 


State Committee for open and 


рр ов, \ international 
Representing Medium А projects 


Machine Building _ ў 


Institutes; 


| | ee "Serpukhav" 
Research Centers зенан 
‘Dubna’ 
(International 


Accelerator Center) — .. 


The organization of the Soviet bomb program was. 
typical of the structure of the scientific establish- 
ment. Directing the program was the head of the 
KGB, Lavrenti Beria. "Medium Machine Building" 
is a code name for "nuclear." The Ministry of 


Rocketry was called “General Machine Building." 
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ence, not a member of the old in- 
telligentsia, who were distrusted 
to the point of paranoia. Even 
prior to the war, Kurchatov 
proved himself to be a bright ex- 
perimentalist in the newly devel- 
oped field of nuclear physics. For 
Stalin, however, it was even 
more important that Kurchatov 
was considered a faithful com- 
munist. Among his scientific sib- 
lings, Igor Kurchatov acquired a 
reputation for great inner self- 
discipline and organization. 

The very first installation 
built for Kurchatov was a “mail- 
box” under the cover name of the 
Laboratory of Measuring Instru- 
ments. (Mailboxes were names 
given to classified facilities to 
keep them secret.) In fact, this 
installation became the head- 
quarters of the Soviet version of 
the Manhattan Project, bringing 
together the best of the nation’s 
scientists. 


ome crucial discoveries in 
Qs physics had been 

made earlier in the Soviet 
Union. On the eve of the Ger- 
man surprise attack in June 
1941, two young physicists, 
Yakov Zeldovich and Yuly Khari- 
ton, published, in an open scien- 
tific journal, a paper on the pos- 
sibility of nuclear chain 
reactions in uranium. Another 
paper, on the spontaneous decay 
of uranium, was written by a 
young Ph.D., Georgi Flerov. In 
the winter of 1942, Flerov sent a 
letter from the trenches to "Com- 
rade Stalin," literally begging 
him to start an atomic bomb 
building program. 

Lieutenant Flerov was deliv- 
ered to Moscow directly from the 
front line to participate in the new 
program. From. everywhere, 
dozens of the best physicists and 


| engineers were recruited and as- 


signed to Kurchatov's installation. 
The participants in the nuclear 
bomb program were even given 
the right of “extraterritoriality.” 
This was the highest form of priv- 
ilege. It meant that the individu- 
als so covered were not subject to 
harassment by local authorities. 
They reported directly to the 
highest levels of government. 

Any resources requested by 
these "saviors" of the nation 
would be delivered as soon as pos- 
sible, despite the hardships of the 
late stages of the war and the ear- 
ly postwar years. If suppliers or 
contractors did not move quickly 
enough, they faced Lavrenti Be- 
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ria, who wore two hats—as super- 
visor of the bomb program and as 
head of the feared NKVD, prede- 
cessor of the KGB. 

Kurchatov's installation was 
only the tip of a huge nuclear em- 
pire, named the Ministry of 
Medium Machine Building. It 
was comprised of hundreds of dif- 
ferent nuclear enterprises, each 
performing specific tasks. And it 
was "Mailbox Moscow Center, 
300" that was responsible for the 
ultimate bomb designs. That was 
the designation for the super- 
secret installation Arzamas-16, 
located about 400 kilometers 
east of Moscow. The closest city 
was the industrial center of 
Gorky, now Nizhny Novgorod. 
(Only recently was this mailbox 


_ officially named the All-Union 


Research Institute of Physics.) 
This massive, concentrated ef- 
fort brought the desired results. 
In 1947 Kurchatov, at his own 
installation in Moscow, achieved 
the first important break- 
through. His team put together 
the first Soviet nuclear reactor, 
which was modeled after the de- 
sign of the first U.S. reactor. The 
American device, consisting of 
uranium oxide “eggs” surround- 
ed by graphite blocks, was built 
by a team led by the physicist 
Enrico Fermi in a squash court 
at the University of Chicago. In 
1942, this team generated the 
first self-sustaining nuclear 
chain reaction, kept going as 
neutrons emitted by fissioning 
uranium atoms split other 
atoms—a key step in developing 


| the atomic bomb. 


Kurchatov’s success in build- 
ing a nuclear reactor, together 
with other data, paved the way 
for final assembly of the first So- 
viet atomic bomb at Arzamas-16. 
It was designed by a team led by 
Yuly Khariton. 

The decades-long U.S. nuclear 
weapons program has no coun- 
terpart to the role played by Yuly 
Khariton. This extraordinary 
physicist has been intimately 
connected with nuclear weapons 
research for more than 50 years, 
longer than any other scientist, 
East or West. At age 88, Khari- 
ton is still active in the work of 
Arzamas, with the title “Science 
Director Emeritus.” (One present 
task at Arzamas is to ensure the 
ongoing safe dismantlement of 
nuclear weapons. Another is to 
make such weapons accident- 
and terrorist-proof. This pursuit 

[Continued on page 74] 


An 87-year-old retired KGB 
general, Pavel Sudoplatov, who 
was the chief of atomic espi- 
onage in 1945-1946, has re- 
opened the atomic-spies story 
in his just-published book, 
Special Tasks: The Memoirs of 
an Unwanted Witness—A So- 
viet 5pymaster. Sudoplatov 
makes sensational charges 
against some of the greatest 
names in 20th century physics, 
including Niels Bohr, Enrico 
Fermi, Leo Szilard, and Robert 
Oppenheimer. He accuses 
these chief scientists of the 
Manhattan Project—all 
dead—of having turned over 
secret material on the bomb 
program to the Soviets. 

These charges are, in fact, 
baseless, and were immediate- 
ly refuted by the international 
scientific community, histori- 
ans of science, members of the 
Manhattan Project who were 
witnesses to events at Los 
Alamos and elsewhere, and 
even the members of the Rus- 
sian Intelligence Services 
themselves. 

For example, the book says 
that Leo Szilard passed “vital 
information” from the Los 
Alamos bomb laboratory; 
however, Szilard never worked 
there. 

The Russian Foreign Intelli- 
gence Service (the renamed 
KGB) issued a statement in 
May saying that Sudoplatov 
had exaggerated his role in 
atomic espionage and that his 
department had had no direct 
contact with any agents' net- 
work. "Allegations that Soviet 
intelligence received informa- 
tion on the atomic bomb di- 
rectly from such noted scien- 
tists as Enrico Fermi, Leo 
Szilard, Robert Oppenheimer, 
and others do not correspond 
to reality." 

One of the most incredible 
allegations is that the Danish 
physicist Niels Bohr, a Nobel 
laureate, was guilty of nuclear 
espionage for the Soviets. In 
1945, when Bohr had returned 
to Denmark, Sudoplatov sent 
his envoy, Yakov lerletsky (un- 
der cover as a physicist), to 
Copenhagen—allegedly to 


consult with Bohr on a nuclear 
reactor. According to Sudopla- 
tov, the Soviets were trying to 
assemble their own nuclear re- 
actor with a stolen American 
recipe. He claims that during 
the attempt a serious accident 
occurred involving plutonium. 
As а result, the whole program 
had come to a halt, and the So- 
viets decided to send a delega- 
tion to seek Bohr's advice. 

This reason given by Sudo- 
platov for the meeting with 
Bohr is absurd. The Russians 
could not have had plutonium 
at all before they had success- 
fully activated a reactor, which 
did not happen until 1947. 

The visit to Copenhagen did 
indeed take place, however. 
Under Lavrenti Beria's supervi- 
sion, the leaders of the Soviet 
nuclear program quickly com- 
piled a list of questions to be 
asked of Bohr. The Soviet Em- 
bassy in Denmark approached 
the physicist with a request to 
receive Soviet visitors. Bohr 
agreed, but immediately noti- 
fied Danish authorities. 

Sudoplatov tells us that Bohr 
answered the questions of his 
KGB interlocutor, easily ex- 
plaining technical details on a 
sketch of a reactor. 

Amused by this portrait of 
the great theorist's ability to 
identify the smallest reactor 
engineering details, | asked 
Nobel laureate Hans Bethe, the 
head of theory in Los Alamos 
during the war, whether he 
could imagine such an ex- 
change. “| knew much more 
about these problems than 
Bohr, but | would have been 
unable to do what is attributed 
to him," he told me. 

The son of Niels Bohr, Aage 
(a physicist and also. a Nobel 
laureate), was present at the 
meeting and says that no 
sketch or drawing was pro- 
duced. Bohr did not discuss 
anything beyond science that 
had been published openly. 

Yakov Terletsky, the KGB 
man sent by Sudoplatov, hap- 
pened to be one of my profes- 
sors at Moscow State Universi- 
ty. In an account that became 
public after his death in 1993, 
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he confessed that the Bohr 
meeting had been a complete 
failure. When asked specific 
technical questions related to 
nuclear issues, Bohr made only 
general remarks and modestly 
alluded to his incompetence in 
technical details. According to 
Terletsky, Bohr carefully ob- 
served the boundaries between 
open and classified science. In 
his account, Terletsky did not 
even mention an exchange re- 
garding nuclear reactors, the 
principal reason alleged by Su- 
doplatov for the meeting. At 
the end of the meeting, Bohr 
apparently gave Terletsky a 
copy of the Smyth Report, an 
unclassified paper on the Man- 
hattan Project, then recently 
published by the Atomic Ener- 
gy Commission. 


AUBUST 1334 


From left to right: Niels Bohr, Robert 


Üppenheimer, Enrico Fermi, bea Szilard. 


subsequently, Beria reported 
to Stalin that Terletsky’s mission 
had been a great success. Since 
Beria had been personally direct- 
ing the visit to Copenhagen, it is 
not surprising that Beria pro- 
nounced the effort "a victony" 
and left records in the archives 
to support that contention. 

Ironically, Western authori- 
ties may have filed a similar as- 
sessment. Bohr kept Terletsky 
waiting two weeks before he 
agreed to meet with him, 
enough time for Danish and 
British intelligence agencies to 
coach him on what precautions 
to take, and perhaps even bug 
the meeting. Knowing that 
Bohr had disclosed no secrets, 
perhaps they too declared a 
victory in as-yet-unopened in- 
telligence files.—4H. 5. 
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the bell alone. 
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zhansky advanced 
1799 


Frozen In Time 


perfectly preserved 33,000- 
year-old woolly mammoth 
is found frozen in the 
siberian Lena 
River Delta. 
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Vladimir Zworykin's 
1975 


opace Meeting 
he first cooperative U.S.-Soviet 
space mission, the Apollo- 
Soyuz Test Project, is launched; a 
three-man Apollo spacecraft docks 
with the two-man Soviet Soyuz 19. 
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a key to under- 
standing species 
interrelationships. 
1934 

Pavel Alexeyevich 
Cherenkov dis- 
covers that a par- 
ticle traveling 
close to the speed 
of light emits light 
when it passes 
through a liquid 
or a transparent 


solid. This princi- 


ple is used exten- 
sively in high-en- 
ergy physics to 
detect charged 
particles and 
measure their 
velocities. 

1935 
Theoretical physi- 
cist Lev Davidovich 
Landau clarifies 
the understanding 
of ferromagnetism 
when he publish- 


es a mathematical 
explanation of the 
behavior of atomic 
magnets. 

1936 

In his book The 
Origin of Life on 
Earth, biochemist 
Alexander Ivanovich 
Oparin offers the 
idea that life 
evolved from 
random chemical 
processes in the 
ocean, which be- 
came a biochemi- 
cal “soup” con- 
ducive to early 

life forms. 

1937 

Physicist Peter 
Leonidovich 
Kapitza discovers 
that helium || (the 
stable form of he- 
lium below 2.2°К) 
is a superfluid 
—it has almost 


1931 


Return To /itanic 

win Russian MIR sub- 

mersibles, the most 
powerful of their class in 
the world, descended two 
miles into the North 
Atlantic in a Ganadian- 
American-Russian mis- 
sion to search for new 
clues to the cause of the 
Titanic’s sinking. 


no viscosity, or 
resistance to flow. 
1941 

The Maksutov 
telescope, in 
which aberration 
is corrected by a 
spherical menis- 
cus, is invented in 
Moscow. 

1947 
Astronomer 
Victor Amaza- 
spovich Ambart- 
sumian discovers 
that new stars are 
still forming in the 
Milky Way galaxy. 
1950s 

The Tokamak de- 
vice for nuclear 
fusion is invented. 
Although it has 
not achieved sus- 
tained fusion, it is 
still considered 
among the most 
promising designs. 
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1954 

The Soviet Union 
builds the first 
nuclear reactor 
for power genera- 
tion. It is capable 
of producing 
5,000 kilowatts. 
1957 

The Lenin, the first 
atomic-powered 
surface ship and 
the world’s largest 
icebreaker, is 
launched. 

1958 

Russia sends the 
first dog into space. 
The pooch, Laika, 
remains alive for 
10 days, proving 
that animals can 
Survive in space. 
1959 

Space probe Lunik 
I| provides the first 
images of the far 
side of the moon. 


1961 

In his 1.8-hour 
mission aboard 
Vostok 1, cosmo- 
naut Yuri Gagarin 
becomes the 
first human to 
orbit Earth. 
1963 

For the first time, 
two spacecraft 
with humans 
aboard (Andrian 
Nikolayev and 
Pavel Roman- 
ovich Popovich) 
orbit Earth 
simultaneously. 
1964 _Ў 
Soviet physicists 
Nikolay 
Gennadiyevich 
Basov and 
Alexander 
Mikhaylovich 
Prokhorov share 
the Nobel Prize for 
Physics with 
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Charles Townes of 
the United States 
for the develop- 
ment of maser 
and laser princi- 
ples in quantum 
mechanics. 
1965 

Alexei А. Leonov 
takes the first 
space walk, a 20- 
minute excursion 
outside Voskhod 2. 
1975 

Venera 9 апа 
Venera 10 provide 
the first pictures 
from the surface 
of Venus. 

1984 

Exploring Earth's 
inner space: In 
the Kola Hole, 


Soviet researchers 


drill to a depth of 
12 kilometers (7.5 
miles) and reach 
Earth's lower crust. 


1968 


JUPETSONİC 
Plane 
D he 


144 ushers in 
supersonic 
passenger 
travel with its 
maiden flight, 
two months 
before the 

Concorde. 
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| 1957 
чү 
- FT'ihe kickoff 
` space race: 
- Sputnik is the 


first Earth 
orbiter. 
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1987 
Cosmonaut Yuri 
Viktorovich 
Romanenko sets 
a new record 
when he returns 
to Earth from the 
Mir space station 
after 326 days. 
1987 

The revolutionary 
transport aircraft 
WIG, or 
Ekranoplane, op- 
erates on the 
principle of dis- 
placement on à 
cushion of air. 
1894 
Cosmonaut 
Sergei Krikalev is 
the first Russian 
to fly on the 
American space 
shuttle, paving 
the way for future 
cooperative 
space ventures. 
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Introducing the new Impala SS 

Maybe it’s the impolite rumble of the specially tuned 260-HP LT1 
engine. Or the totally indiscreet 17-inch BFGoodrich’ Comp T/As" 
on custom-designed 5-spoke aluminum wheels. Or the conspicuous 
lack of chrome. Or the fact that you have just three color choices: 
black, black or black. 

Whatever it is about the new Impala SS, before you even think 
about buying one, we feel we owe you a few friendly words 

of advice: this is not a car for those who are uneasy being the 
center of attention. 


Are you sure you can live with that? 
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| n the United 


States, the Clean 
Air Act, the Clean 
Water Act, and the 
Comprehensive 
Environmental 
Response Compen- 
sation and Liability 
Act (commonly 
known as Super- 
fund) have helped 
limit environmental 
damage. 

The 1980 Super- 
fund law was 
passed following 
the discovery of 
hazardous wastes 
at Love Canal and 
other abandoned 
dumps. More than 
1,200 dangerous 
Sites have since 
been placed on a 
priorities list for 
cleanup. Over $15 
billion has been 
spent on Super- 
fund, but fewer than 
200 cleanups have 


been completed. 


et the fragile 
green breast of 
Siberia be dressed 
in the cement ar- 
mor of cities, 
armed with the 
stone muzzles of 
factory chimneys, 
and girded with the iron belts of 
railroads. Let the taiga be burned 
and felled; let the steppes be 
trampled." So Vladimir Zazubrin, 
one of Josef Stalin's favorite writ- 
ers, urged in 1926, after the Rus- 
sian Revolution. "Only in cement 
and iron," he declaimed, *can the 
fraternal union of all peoples, the 
iron brotherhood of man, be 
forged." 

Almost 70 years later, after the 
collapse of communism's "iron 


brotherhood," Russian scientists 
survey Stalin's legacy. From 
Chernobyl to the deforested Chi- 
nese border, from the rusting nu- 
clear submarines in the Arctic 
Ocean to the salt-encrusted 
wastelands of what was once the 
Aral Sea, the cesspits of the for- 
mer Soviet Union lie everywhere. 

The Russian environment, 
like Russian society itself, is at a 
dangerous crossroads, says biol- 
ogist Sviatoslav Zabelin, a for- 
mer top official in Boris Yeltsin's 
administration and now chair- 
man of Russia's largest environ- 
mental organization, the Socio- 
Ecological Union. The brutal 
and regimented ecological de- 
struction of the past has ended. 
But it has been replaced by an 


equally damaging chaos, Zabelin 
says. ^Nobody knows the rules of 
the game. There are honest peo- 
ple in the administration, people 
who want to protect the mother- 
land. But it is not their time." 

To understand the scale of 
what Stalin and his heirs did to 
the largest country in the 
world—a country where the sun 
rises in the east before it has set 
in the west—I traveled to its cen- 
ter. Halfway between the Polish 
border and Vladivostok on the , 
shores of the Pacific, halfway be- f 
tween Afghanistan and the? 
North Pole, is the Siberian city 2 
of Noyabr'sk. Only 12 years old, > 
this city is not on many maps. 
But Noyabrsk has a population 5 
of 100,000 and is a hub of one of Ẹ 


DET ja 


at the 


rossroads 


Russia's vast landscape has reached an envi- 


ronmental boiling point, as the heedless plun- 


dering of its resources continues unchecked. 


BY FRED PEARCE 
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Pollution from a 
chemical plant 
has destrayed 
this area af 
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burning fossil fuels. The burning 
and rotting of timber will un- 


| leash more carbon dioxide into 


the air. 
Can the Siberian forests be 
saved? Forest reserves have a 


pedigree stretching back to Pe- 


ter the Great, who created them 


| to protect the fur-bearing sable. 


The Soviet rulers created more 
reserves. Апа last year, with as- 
sistance from the World Wildlife 
Fund in the United States, Rus- 


| sia created the Great Arctic Za- 
| povednik, a nature reserve cov- 


| ering 42,000 square kilometers 


(roughly the size of Louisiana) 

on the Taymyr Peninsula of 

Siberia's northern coast. 
Forestry and petrochemicals 


| are not the only threats to 
| Siberia. Reservoirs behind giant 


hydroelectric dams, many built 


| to power metal smelting works, 


have flooded 100,000 square 
kilometers of forests in the val- 
leys of the Yenisei and the An- 
gara rivers in the past decade 
alone. The region has four of the 
ten biggest hydroelectric power 
plants on earth. 

Polluted air from copper and 


| nickel smelters in the far north 


hangs in the cold Siberian air 
through the long winters. The 
Petshenganikel smelter in Noril- 
sk alone emits 280,000 metric 
tons of sulfur dioxide annual- 
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ly—more than Norway, Sweden, 
and Finland combined. More 
than 5,000 square kilometers of 
forests have died from the pol- 
luted air. Acid hazes spread out 
across the Arctic and into north- 
ern Canada. 

Air pollution throughout the 
industrialized parts of the for- 
mer Soviet Union represents a 
health hazard of a kind not seen 
in the West for a generation. Ac- 
cording to the 1992 book Ecocide 
in the USSR, an estimated 70 
million Russian people live in 
cities where the air pollution is 
five times worse than official 
limits. It partly explains why the 
country’s population is now 
falling. According to recent data, 
the average age at death among 
Russian men is 59 years, com- 
pared with 72 years for white 
males in the United States. 

The frightening thing, says 
Zabelin of the Socio-Ecological 
Union, is that “because of the se- 
crecy, very often the officials 
don't have the information" 
about what pollutants have been 
released. Two years ago, after a 
detailed investigation, Zabelin's 
government colleagues in Mos- 
cow announced the discovery at 
military installations of seven 
storage tanks containing 40,000 
metric tons of chemical weapons, 
more than enough to kill the en- 
tire population of Russia. 

But that 40,000 metric tons, 
says Zabelin, is just the tip of a 
deadly iceberg. “During the peri- 
od of production,” he told me, 
“they made 400,000 metric tons. 
So where are they?” Some of the 
chemicals were poured into the 
Baltic Sea, he says, but “it may 
be, as with radioactive waste, 
that we will find many places pol- 
luted with chemical weapons.” 

Radioactive waste could prove 
one of the most lethal and long- 
lasting legacies of the Soviet era 
(see “Nuclear Chaos,” this is- 
sue). Many radioactive materi- 
als have entered the environ- 
ment as a result of accidents like 
the 1986 Chernobyl explosion. 
Other nuclear wastes have been 
intentionally dumped into 
oceans, lakes, and rivers. 

Much of Russia’s pollution has 
simply ended up in the sea. The 
almost-enclosed Baltic and 
Black Seas are today among the 
filthiest on earth—heavily con- 
taminated with military, indus- 
trial, municipal, and farming 
wastes. The military has 
dumped uranium, thorium, 


mustard gas, and other chemical 
weapons and nuclear wastes 
into the Baltic. The Black Sea, a 
traditional holiday resort for 
Russia’s elite, has “suffered 
catastrophic ecological damage,” 
according to Laurence Mee, 
head of the International Atomic 
Energy Agency’s marine labora- 
tory in Monaco. 

Pollution, much of it from the 
former Soviet Union, has caused 
a huge explosion in the Black 
Sea’s populations of algae and 


jellyfish, which have now con- 


sumed most of the oxygen. The 
sea is “the largest anoxic water 
mass on our planet,” says Mee. 
About 90 percent of its water, ev- 
erything except the top layer, is 
devoid of oxygen. 

The fate of Lake Baikal is 
endlessly discussed by Russian 
scientists. The lake is the 
largest body of fresh water in 
the world and has a unique and 
extremely fragile ecosystem. 
Thousands of forested acres 
around the lake have been 
cleared for cultivation, and pa- 
per and pulp mills discharge 
pollution into its waters. 

Environmentalists from Rus- 
sia and the United States have 
formed a partnership to draw up 
land-use plans for the entire 
Baikal area. And the U.S. State 
Department has allocated 
$450,000 a year to help the new- 
ly created Baikal Commission 
enact land-use restrictions. But 
so far, says Zabelin, “nothing 
has happened.” 

Fhe most graphic symbol of 
T» ecological bankruptcy 

of the old regime is visible 
from the commercial airline 
flights that now cross over the 
Aral Sea in former Soviet Cen- 
tral Asia en route to the far east. 
On moonlit nights, you can look 
down upon what was once the 
fourth largest inland sea in the 
world. You can pick out the 
lights of Aralsk, shown on maps 
as a port on the sea's northern 
shore. But instead of waves 
crashing into the town's harbor, 
the moon reveals a glinting 
white desert. 

The Aral Sea's shoreline has 
retreated 60 kilometers in the 
past 40 years, as irrigation engi- 
neers have diverted about 40 cu- 
bic kilometers of water a year 
from the rivers that feed the sea. 
It was part of Stalin's grand plan 
to turn the region into the Soviet 

[Continued on page 73] 
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Russia’s main resources is tim- 
ber,” and it would be “naive” to 
believe the country would not 
exploit its forests. Russian offi- 
cials, particularly local adminis- 
trators battling with Moscow for 
control of their resources, are 
now keen to begin cutting and 
are inviting Western companies 
to help them. 


n the Russian Far East, the 

South Korean trading compa- 

ny Hyundai is clear-cutting 
the broadleaf and conifer forests 
of the Sikhote Alin mountains of 
Primorsky, one of the few remain- 
ing refuges for the last 300 or so 
Siberian tigers. Hyundai plans to 
triple its output, felling 4,000 
square kilometers of forest each 
year. Meanwhile, the largest 
trader in Asian tropical timber, 
the Japanese firm С. Itoh, is log- 
ging the forests of Khabarovsk; 
and the U.S. firm Weyerhaeuser 
is interested in an area around 
the Botcha River. The proximity 
of these forests to Asian markets 
makes them appealing. But be- 
cause the land is being privatized 
and reallocated, Weyerhaeuser's 
plans are currently on hold. 

To reach the timber, the for- 
eigners are building their own 
roads. Large areas of forest have 
also been opened up by the 
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Trans-Siberian railway through 
the heart of the timber region, 
begun under Stalin and finally 
finished under Gorbachev. 

Rapacious foresters are not 
new to Siberia. One state timber 
enterprise, the Ust-Ilimsk Com- 
bine, established in the 1970s 
near the route of the Baikal- 
Amur railway, has its own new 
town, airport, and a hydroelec- 
tric power plant that flooded 
2,000 square kilometers of for- 
est. The combine was assigned 
an area of forest the size of 
Switzerland, where it set about 
removing every tree, leaving be- 
hind eroded hillsides and boggy 
valleys. 

Russian forestry, like most of 
the nation's other industries, 18 
immensely wasteful. Some- 
where between 50 and 70 per- 
cent of the cut timber is lost or 
discarded. Forest fires, most 
started by humans or their ma- 
chinery, claim more than 10,000 
square kilometers of Siberian 
forest each year, and disease 
and insects take a similar toll. 
The hope for the future is that 
foreign methods will reduce the 
waste. The fear is that foreign 
markets will merely increase 
the rewards for pillaging the 
forests. 


| 


| 
| 
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Baikal-Amur Mainline, a second | Anatoly Shvidenko, a leading 


forestry administrator in Mos- 
cow under Gorbachev, estimates 
that Siberia lost 20 percent of 
its trees between 1966 and 1988. 
Shvidenko believes that many of 
the largest forest regions could 
vanish altogether within 40 to 
50 years. Forest recovery rates, 
he warns, are much slower in 
Siberia than in fast-growing 
tropical forests. Bounding 
through a forest outside 
Noyabr’sk, Shvidenko takes his 
axe to a small spruce tree, four 
meters high and as thick as his 
arm. In the tropics, such a tree 
might be 10 years old. Shvi- 
denko counts the rings. “Look,” 
he says, “this was a seedling a 
hundred years ago, when Tol- 
stoy was still writing.” 

Siberian forests do not con- 
tain the teeming, noisy masses 
of life found in a tropical rainfor- 
est. They are silent and bare. 
Shivdenko says they probably 


contain, in total, fewer species of | 


plants and animals than a sin- 
gle hectare in the Amazon. But 
their loss would damage world 
climate as much as the loss of 


tropical forests. Siberia’s trees | 


contain an estimated 40 billion 
metric tons of carbon—seven 
times the annual global output 
of carbon dioxide pollution from 


wastes into a 
river that feeds 
Lake Baikal, 
once pristine. It 
holds 20 per- 
cent of the 
world's supply 
of fresh water. 
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Irrigation diver- 
sions have re- 
duced the Aral 
Sea to one-third 
its original size, 
stranding fish- 
ing boats (be- 
low). The dry 


seabed is pol- 


luted with pesti- 


cides and salt 


deposits (right). 


| the world’s most productive re- 


gions of oil and gas extraction. 
Here, in Siberia, Russia’s envi- 
ronmental problems are coming 
to a head. The oil men are work- 
ing in what was, until they ar- 
rived, a pristine environment. 


- Stretched hundreds of kilometers 


across the western Siberian plain 
is one of the largest regions of 
lakes and marshes on earth. The 
oil industry's assault, as I saw in 
many hours of helicopter flights, 
is turning this region into a 
blighted landscape of almost 
unimaginable proportions. 

The area is covered with a net- 
work of endless roads, laid 
through forests or on wide em- 
bankments across lakes and 
bogs; pylons; oil pipelines; drill 
rigs; and narrow gashes that 
mark the lines of old seismic sur- 
veys. АП pollute the lakes and 
bogs, and divide them into thou- 
sands of fragments, each at most 
a few hundred yards across. 
Clouds of black 
е smoke spread 
y to the hori- 
i” зоп from 
НА burning pools 
@ of waste oil. Small 
patches of desert 
form around sand 
quarries, and dunes 
rise in the wind. 


JVZ PICTURE LIBRARY 


Many forests are charred. Mil- 
lions more trees lie broken, cut 
down to make way for the roads 
and pipes. The Siberian forests 
and bogs are littered with aban- 
doned high-tension cables, rust- 
ing pipes, and broken machinery. 
There are few signs of wildlife. 
The reindeer are long gone; even 
the birds have departed. 
Vladimir Sedykh, director of 
Siberian forests at the Russian 
Academy of Sciences, claims that 
since the 1960s, the Siberian oil 
and gas industry has caused “the 
destruction of the environment 
in western Siberia on a scale and 
at an intensity having no equal 


in the world.” 
W expedition look askance. 
“The place is just a 
mess,” says Bob Turnbull, a 
Scottish engineer accompanying 
me on the visit. “The big prob- 
lem is that their technologies 
are 40 years out of date. Modern 
methods could replace 20 or 
more well pads with a single 
drilling point.” The difference 
would be profound. The region 
around Noyabr’sk alone has 
12,000 oil wells, according to 
Guennady Khramov, chief engi- 
neer of the local oil company, 
Noyabr'skneftegas. Each well 
produces about 40 million metric 


estern oil experts on our 


tons of polluted water a year and 

has its own road, pipes, power 
lines, and waste lagoons. 

Outdated technology also en- 

sures that much of the gas and 

oil produced here is wasted. 

Western estimates put 

the loss of oil from 

pipeline leaks at 10 

percent. From space, 

some of the brightest 

lights on the planet 

fa are from the flaring 

of unwanted natural 

gas at thousands of 
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ee 


oil wells in western Siberia. 

Fly north of Noyabr’sk, and 
you eventually reach virgin 
swampland. Past an abandoned 
Stalin labor camp, called Gulag 
501 Construction Enterprise, is 
the tiny hunting and fishing 
town of Krasnoselkup on the 
banks of the Taz River, one of 
the great Siberian rivers that 
flow into the Arctic Ocean. Engi- 
neers are just starting to drill for 
oil here. The main test rig is 100 
yards from Devil’s Lake on the 
Tolka River, a tributary of the 
Taz. The lake is a major local 
center for wildlife. I saw hun- 
dreds of swans and reindeer, 
and the occasional brown bear 
bounding through the swamp. 
But for how much longer? The 
deputy mayor of the town of 
Krasnoselkup, Alexander Nale- 
tov, says the drilling is frighten- 
ing the reindeer away from their 
pastures and poisoning fish 
spawning grounds. 

If the reindeer retreat, so must 
such indigenous tribes as the 
Selkup. One Selkup family, 
camping beside the river, told me 
the story of their centuries-long 
northward march to ever-harder 
lands in the face of advancing 
Russians. Since the end of com- 
munist rule, they have been al- 
lowed to venerate their shaman 
and his sledge-load of sacred 
objects. But 
little else has 
changed. 

Northern 
Siberia is a 
world so cold 
that in places 
the soil and 
rock are frozen 
as deep as a 
kilometer. The 
region 18 so 
vast that forest 
fires can burn 
for months, un- 
noticed except 
by satellites. 
Siberia’s dark, closed forests of 
pine, fir, spruce, and larch con- 
tain a fifth of the planet’s trees. 
They cover six million square 
kilometers, twice the area of the 
Amazon rainforest. 

Delegates attending the 1992 
Earth Summit in Rio de Janeiro 
agreed that the great northern 
forests deserve as much protec- 
tion as tropical rainforests. But 
V.I. Danilov-Danilian, who was 
then Russian minister for the 
environment and natural re- 
sources, warned that “one of 


‘> eg E nt Di oEE UM ec 


Ld = 
* 


E ale ml 


m 


prey? 
"ойе 


e eb 


"E 
я 
і 


d 4 ан” 


he 


EM 


ym 


Eti 
3 


contaminates а 
lagoon near the 
Siberian city of 


Noyabr'sk. 
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NRI training is the best way to 

prepare for a profitable new 

career, even a high-paying 

business of your own, as a 

computer service technician. 
Before long, you'll be assembling 

and using your 486sx IBM-compatible 

computer system with all these 

state-of-the-art features ... 

e Space-saving mini-tower design 

e 80486sx Intel CPU 

* Super УСА color monitor 

e 200 meg hard drive ¢ 

• 3'/2" floppy drive 

* CD-ROM drive 

* 8-bit sound card . 

* MS-DOS 6.2 

* QBasic 

* Microsoft Works 

e Ultra-X diagnostic package 


TRAIN WITH THE 
LEADER - NRI 


А pioneer in at-home training for 80 years, 
NRI was the first school of its kind to offer 
a hands-on course in computer repair ... 
and the only school today that makes 
theory come alive with real-world exper- 
iments. Those same benefits that set us 
apart from other schools help our grad- 
uates earn respect and financial security. 
Regardless of your background in 
electronics, NRI's step-by-step approach 
can help you break into the field that's ex- 
pected to produce over 220,000 jobs by the 
year 2005. It's true: The Department of 
Labor forecasts a full 3896 increase in jobs 
for computer service technicians, which 
means there's big opportunity for the per- 
son with the right training — NRI training! 


LEARN BY DOING 


NRI's highly acclaimed 


NEW! 
У MULTIMEDIA 
"PERIPHERALS! 


learn-by-doing approach gives E == 


you a complete understanding | $—- 
of the intricate electronics 
behind the 80486sx Intel CPU |= 
included in your course. 
Unlike other schools, NRI 
familiarizes you with the === 
fundamentals of computer operation so 
that you'll be able to service virtually any 
kind of computer with virtually any kind 
of problem. 


repe 


You perform hands-on experiments 
with your versatile NRI Discovery Lab and 
professional digital multimeter, then build 
and test the powerful 486sx/25 MHz 
computer system that is yours to keep. 

You install the floppy drive and 200 
meg hard disk drive for quick, trouble-free 
storage and retrieval. And you interface the 
assortment of popular multimedia 
peripherals included in your course: the 
Super VGA color monitor, CD-ROM drive, 
and 8-bit sound card. 

Best of all, you learn to identity and 
service computer problems with Ultra-X's 
extraordinary R.A.C.E.R. plug-in 
card and QuickTech 
diagnostic software. & 
You even explore " 
operation, program- 
ming, and applications 
software as you work i 
with MS-DOS 6.2, PÜ 
QBasic, and Microsoft = _ $ 
Works. 


STUDY AT 
YOUR OWN PACE 


As an NRI student, you enjoy the freedom 
of studying at home, at your own pace. 


ay to learn 
puters is to 
f-the-art 


Your training begins with newly 
expanded lessons covering everything 
from batch file applications to recovering 
lost data to printer servicing and more — 
all in easy-to-understand detail. 

And throughout your course, you 
put your new knowledge to work with 
hands-on projects that are reviewed by 
your own personal instructor. 

Only NRI gives you such an effective 
combination of theory and practical 
experience. You won't find a better 
training value anywhere! 


FIND OUT MORE ABOUT 
NRI TODAY 


Send today for our FREE, full-color catalog 
that describes every aspect of NRI's 
innovative computer training, as well as 
hands-on training in other growing, 
high-tech fields. 

If the coupon is missing, write to: 
NRI Schools, McGraw-Hill Continuing 
Education Center, 4401 Connecticut 
Avenue, NW, Washington, DC 20008. 


IBM is a registered trademark of International Business Machines 
Corp. R.A.C.E.R. and QuickTech are registered trademarks of 
Ultra-X, Inc. Intel Inside logo is a trademark of the Intel Corp. 


FREE CATALOG! CALL 1-800-321-4634 


1 TV/Video/Audio Servicing 
L] Telecommunications 


LJ Security Electronics 
L] Electronic Music Technology 
ÛJ Basic Electronics 


| Address 


Accredited Member, National Home Study Council 


McGraw-Hill Continuing Education Center 
| б. УУ А Schools 4401 Connecticut Avenue, NW, Washington, DC 20008 
| М Check one FREE catalog only 
C] MICROCOMPUTER SERVICING 


CQ Industrial Electronics & Robotics 


Name (please print) 


C) Computer Programming 

Programming in С++ with Windows 
. Ы Desktop Publishing & Design 

ÛJ Word Processing Home Business 

1 Bookkeeping & Accounting 

LJ] Home Inspection 

ÛJ Building Construction 

ÛJ Small Engine Repair 

ÛJ Automotive Servicing 


J For сагеег courses 
approved under GI Bill, 
check for details. 


Age 


jja average 
family income 


in the United States 


is about $2,600 a 
month; in Russia 
it's $30 a month. 
Thus the gap be- 
tween American 
and Russian stan- 
dards of living is 
huge. Witness the 
percentage of U.S. 
households with: 
Color TVs; 97% e 
Cars; 91% • VCRs; 
91% e Clothes 
washers; 86% e 
Microwave ovens; 
83% « Clothes dry- 
ers; 81% • Answer- 
ing machines; 57% 
e Dishwashers; 
54% • Cordless 
phones; 4995 e CD 
players; 43% e Per- 
sonal computers; 
37% • Cellular 


phones; 10% 
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well-known Rus- 
sian joke proclaims: 
“There аге too 
many people in this 
country and too few 
things. The only 


| way out of this situation is to 


have fewer people.” 

Most Russians in Soviet times 
had no hope that the country 
would ever produce enough of 
the things that make life easier. 
Even now, in the new era, that 
has not changed. Russian appli- 
ances—televisions, VCRs, CD- 


| players, even your basic wash- 


| ers, dryers, and refrigerators— 


are still a joke. 
One of the great paradoxes is 
that in a country with a huge 


| nuclear arsenal, arguably the 


best jet fighters, and the biggest 
fleet of spaceships and satellites, 
it is still next to impossible to go 
into a department store and buy 
a Russian-made food mixer, cof- 
fee maker, or even that kitchen 
necessity in a society where all 
meat comes in chunks and 
slabs—a meat grinder. 

Yet, thanks to the ever-ready 
Japanese, Taiwanese, and Kore- 
an manufacturers, microwave 
ovens, VCRs, and brand-new TV 


| sets are gradually finding their 


way into Russian apartments. 
And if you see six Russians 
sitting in a restaurant with six 
cellular telephones and six beep- 
ers lying on the table, do not be 
alarmed. These are not drug 
dealers. They are the new Rus- 


| sian businessmen. Life in Russia 


has become a crazy mixture of 
creaky, outdated technology and 
the latest fads; there is a grow- 


| ing demand for the normal con- 


veniences of life and a lingering 
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suspicion of all things new and 
foreign. That's why in Izmailovo, | 
the biggest flea market in 
Moscow, a tourist with a sense of 
humor can buy a huge wooden 
abacus inscribed with the words 
“Russian computer.” 

Most stores in Russia now 
have calculators at the cashiers’ 
desks. But Russian cashiers, es- 
pecially the older ones, have 
tendency to add up the purchases 
first with the calculator, then 
with an abacus just to make sure. 

Personal computers were 
alien objects until the end of the 
1980s, when Mikhail Gorbachev 
passed a decree ordering “total 
computerization of the country.” 
Every high school in the country 
was required to create “comput- 
er classes,” where the kids could 
learn how to operate PCs. 

Of course, the computers came 
from abroad. Russian PCs, as 
people joked, were only good for 
cracking nuts. 

Most people today just don't 
have enough money for comput- 
ers. In the last couple of years, 
though, some individuals have 
started buying PCs. Some are 
successful writers who can af- 
ford to spend $1,500—the equiv- 
alent of two years’ salary for the 
average Russian. Others are the 
rapidly growing class of young 
wheeler-dealers, who prefer lap- 
tops. They are mostly for show; I 
doubt that these young guys 
know how to get much use out of 
them. 

Computer games are available 
in Russia, and like the American 
movies available everywhere on 
videocassettes (sometimes before 
they are available in the United 
States), they are mostly pirated. 
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The idea of 
having modern, 
world-class 
goods and 
services is a 
sad joke for 
most Russians. 


Russia has signed the convention 
prohibiting the unlicensed pro- 
duction of movie videos, but it is 
not enforced. No one even talks 
about pirated games. So comput- 
er games are available at almost 
every street kiosk, and you can 
be sure software companies are 
not receiving royalties for them. 

It is possible to buy Game Boy, 
Super Nintendo, or Sega at a few 
places in Moscow. (I doubt that 
kids in rural areas know what 
these words mean.) But the price 
is so high that only a very rich 
family can afford to spoil their 
children with such stuff. 

Russia has about 12 phone 
lines per hundred people. Com- 
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pare this with 56 lines per hun- 
dred people in the United States. 
Some Russians have been wait- 
ing for more than 30 years to re- 
ceive a telephone line. Some who 
are now pensioners will die be- 
fore they get a telephone in their 
own apartment. 

Using a telephone in Russia is 
torture. Most are rotary; there is 
no touch-tone system. Connec- 
tions are often interrupted by 
static, and you never know 
whether you will actually get the 
number you have dialed. Op- 
tions like call-waiting, call-for- 
warding, and conference calling 
do not exist. There is no directo- 
ry assistance—and there are no 


Russian family 
life, the TV, or 
"blue box,” is 
given a place of 
honor in the 


"red corner 
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Home electronic 
equipment is 
available, but it 
comes from 
abroad, like 
these Japanese 


boom boxes. 


The Apple 


Macintosh 
computer is 
alive and well 
in Russia, for 
the few who 


can afford one. 
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published telephone directories. 
Public telephones are a night- 


| mare. The few that work require 


coins, of course—there is no 


| such thing as a collect call, let 


alone a calling card. The cost of 
a local call is only a ruble, less 
than a tenth of a cent. But the 
coins have all but disappeared 
from the marketplace in the last 
few years because of skyrocket- 
ing inflation. Some enterprising 
newsstand 
vendors have 
made small 
fortunes by 
selling one-ru- 
ble coins for 
three to five 
rubles. 

Only the 
biggest chee- 
ses have secre- 
taries who can 
at least take 
messages if 
their bosses 
are on the 
phone. Other- 
wise, you dial 
repeatedly 
when you get a busy signal until 
the party you are calling has fin- 
ished talking. Bear in mind that 
Russians love to talk on the 
phone and can do this for hours. 
А nice gift for a Russian friend 
might be a foreign-made phone 
with an automatic redial feature. 

Or how about an answering 
machine? These are not widely 
used, though, and some people 
get upset or even frightened 
if their call is answered by an 
electronic voice. Some of my 
friends have felt insulted by my 
answering machine. One told 
me, “Т did not deserve that. I 
want you live." Of course, he 
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had refused to leave a message. 
Beepers are status symbols, 
and carrying a cellular phone is 
a matter of particular pride. 
Russians who own them love to 
show off by constantly talking 
on them everywhere they go. If 
you know what's what in 
Moscow, you will reach only one 
conclusion when you see some- 
one talking on a cellular phone: 
This guy is doing really well. 
Electronic 
toys and status 
symbols are 
one thing; the 
daily necessi- 
ties of life are 
another. Most 
Russians still 
can afford nei- 
ther. But you 
would think it 
is high time for 
this great in- 
dustrial power 
to produce ap- 
pliances that 
work and that 
its citizens can 
afford to buy. 
Dishwash- 
ers, microwave 
ovens, and 


Auto fuel is 
dirty, expensive, 
and often in 
short supply, 
which causes 
long lines at the 


gas pumps. 
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washers and dryers are luxu- 
ries, and the majority of Russia’s 
145 million people have no idea 
what these wonderful things are 
for. Try to explain to a Russian 
housewife the term “garbage 
disposal”—and the notion of 
grinding organic waste directly 
inside the kitchen sink! On a re- 
cent trip to Russia, I did not 
even see any Russian-made 
irons in the stores. 


he Soviet Union did not re- 
ally have factories dedicated 
exclusively to making civil- 
ian electronics and appliances. 
Instead, these were produced by 
small units of giant military fac- 
tories. They were called “side 
products” and were not even 
counted in production figures. 
For example, the military com- 
puter factory in Voronezh made 
VCRs, and a tank factory in the 
Urals produced electric meat 
grinders and microwave ovens. 
But these goods were always in 
short supply, available only on 
the black market or, with the ap- 
propriate connections, from the 
back door of the store. 
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“Better than Soloflex? and NordicFlex Gold for $600-$700 less? 


HEALTHMAX? made a believer out of me!” 


Russ Riederer 
Strength and Weight Coach, Chicago Bears 


9 Powerful Reasons to Choose HEALTHMAX 
as Your Total-Body Fitness System. 
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HEALTHMAX gives you as much and more — for a lot less money. 


If you're serious about total-body fitness, you need a serious machine. You could 
spend $1,000 or more on a Soloflex or NordicFlex Gold. Or you could take the advice 
of the Chicago Bears’ Russ Riederer: “It’s as simple as this. HEALTHMAX does what 
Soloflex and NordicFlex Gold do — for a lot less money. So why would you pay more?" 


If what you really want is a body like this — without spending a small fortune — call 
today. For just $329 you can get the hard body you want. And while you're at it, take the 
$600 —-$700 you'll save and buy yourself a reward. 
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A bare-bones military ч vehicle born and hred in Марі та» П, mig] 
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merica's Jeep, 
А the ПАЛ, 
traces its roots to 
World War 1. The 
two vehicles share 
some basic specifi- 
cations: The Jeep's 
four-cylinder pow- 
erplant produces 
123 horsepower, 
the UAZ’s engine. 
127 hp. Both use 
leaf-spring suspen- 
sion front and rear. 
Wheelbase, overall 
length, and overall 
width are about the 
same for both 
vehicles. The | 
Jeep, how- | 1 [р 
ever, offers 
far more op- 
tions, including 
automatic 


transmission, 


air conditioning, gg o. al | 
| | "p AMERICA 
and a tilt steering 
wheel. Yet the 
Jeep's base price is 
about $2,000 less 


than the UAZ's. 
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ПШ mention to a Russian 
T aquaintance that I'll be 

| test-driving a UAZ, an 

| all-wheel-drive Russian 
S. Vehicle in production 
ES since World War II. He 
drains a tumbler of vodka, takes 
a long drag off a filterless 
cigarette, and peers at me. "My 
friend,” he asks, “what have you 
done to deserve this punish- 
ment?” 

The question echoes in my 
mind as I remove myself from 
the UAZ (pronounced ooh-AHS). 
After an hour of thrashing 
through the woods of Virginia, I 
feel like Гуе wrestled with a 
bear. My arms and shoulders 
ache, my left elbow is bruised, 
my kidneys jarred. And yet I 
never come close to pressing the 
tough little vehicle's perfor- 
mance envelope. 

Unlike anything for sale in 
the West, with the exception of 
the Brobdingnagian Humvee, 
this vehicle was designed to fol- 
low tanks into the battlefield. 
The UAZ 1s heavy-gauge steel 
and iron Russian military ord- 
nance that holds true to the mil- 
itary axiom, KISS: Keep It 
Simple, Stupid. 

Sliding into the cockpit re- 
veals KISS at its best. A cylin- 
drical motor pinned to the top of 
the windshield runs the wipers. 
An old-fashioned choke graces 
the dash. A push button near 
the choke operates the head- 
lights. Speedometer, oil pres- 
sure, and engine temperature 
are the only gauges. 

A twist of the starter key 
brings the 91-horsepower four- 
cylinder Russian engine to life, 
and I navigate through the 
thicket of shift levers sprouting 
from the transmission tunnel: 
One lever selects all-wheel or 
two-wheel drive, another en- 
gages high or low four-wheel 
drive settings, and a third se- 
lects gears from the four-speed 
Lransmission. 

The primary shift lever 1s cant- 
ed away from the transmission 
centerline, so there's little tactile 
feedback when the drivetrain is 
engaged. À few runs across a flat 
field teach me how to interpret 
the odd sensations well enough to 
move through the gearbox. 

We are heading into the woods 
when the terrain pitches down- 
[Continued on page 77] 
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Down and dirty: 
A husky, simple 
design doesn't 
pamper the 
driver, but it 
does give the 
UAZ an honest 
feel not found 
in other sport 


utility vehicles. 
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B Russie n 


E. philds- 
ophy that stresse 
strength, simplici 


and ease of rep ] 


оп the flight line 
of remote airfields, 
American militar 

aircraft builders А 
all-out for high per- 
formance, pushing 


the development of 


ھچ ج 5- 


complex new tec} 
nologies and man- 
ufacturing meth- 
ods, as with the | 


F-117A. 


—— C. e e 


eople whose identi- 
ties were previously 
secret now grant in- 
terviews to foreign- 
ers in cities that 
once didn’t even ap- 
pear on maps. The doors to the 
former Soviet Union’s aviation 
industry are open. And what lies 
within comes as nothing short of 


| a revelation. 


At Western aerospace compa- 
nies and research labs, things 
are obsessively tidy, computers 
are everywhere, and swarms of 
efficient support staff take care 
of the details. Not so in Russia. 
Shocking wear and tear is appar- 
ent in almost every corner of the 
industry. Russian factories look 
like something out of the 1920s. 
Major aviation concerns operate 
from Dickensian offices. Even 
former showplaces—such as the 
air force base at Kubinka—are 
grimy, and the paint is peeling. 
Most of the major test facilities 
date to the 1960s, if not the 1950s. 

Being welcomed into this 
world of woeful appearances can 
lead a visitor to the mistaken 
conclusion that good engineering 
couldn't possibly occur under 


| such conditions, that Russian 


technological achievement has 
long been trailing the West. On 
the contrary: Russia has fielded 
much technology that equals or 
surpasses the West's best efforts. 

Western military analysts 
have often gone astray by con- 
fusing the unsophistication of 
aircraft hardware with 1ts actual 
capability. For example, when 


defector Lt. Viktor Belenko land- 
ed his MiG-25 fighter in Japan 
in September 1978, some com- 
mentators mocked the plane's 
seeming technical crudity. In- 
stead of being built with titani- 
um alloys, the fighter was made 
of steel (not even stainless!) and 
the radar was full of vacuum 
tubes (how primitive!). 

These experts didn't realize 
that the welded-steel airframe of 
the MiG-25 was little, if any, 
heavier than a riveted titanium 
structure would be, and much 
less costly to build. It was a 
smart design choice. Western en- 
gineers had already tried and 
failed at using steel for high- 
speed aircraft. 

The missing ingredient was 
Russia's advanced welding tech- 
nology—by far the best in the 
world. And when the MiG-25 
radar was designed in the 1960s, 
vacuum tubes were still a logical 
alternative to solid-state elec- 
tronics for such high-power ap- 
plications. Again, the engineers 
had chosen what worked and 
could be serviced easily. In short, 
Russian design philosophy has 
long stressed a different goal: 
strength, simplicity, and ease of 
repair on the flight lines of re- 
mote airfields. 

Practical concerns continue to 
guide Russia's style of aviation 
engineering. In a recent inter- 
view in Moscow, Rostislav 
Belyakov, general designer of 
the Mikoyan Gurevich (MiG) de- , 
sign bureau, spoke quite matter- 
of-factly about the value ofz 
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Wheels go up, as 


a MiG-29 fighter 


climbs with after- 


burners lit. 


sngineering 


equals or surpasses the West's. 
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stealth in the design of а next- 
generation tactical fighter. He 
says a successor to the current 
MiG-29 fighter will feature a 
carefully tailored level of 
stealth, just enough to gain the 
advantage of surprise in combat 
without sacrificing flight perfor- 
mance. The U.S. Air Force’s new 
Lockheed Е-22 advanced tactical 
fighter, Belyakov comments, 


| “has achieved this compromise 


to some extent.” 

A conservative engineer such 
as Belyakov does not talk like 
this unless he has hard data to 
back up his statements. The 
idea of a stealth fighter was first 
publicly mentioned in the Unit- 
ed States 20 years ago. Thus, it 
is only reasonable to assume 
that the Russians have been 
working on stealth technology 
for approximately that long. 
Prototype aircraft may have 
been flown. At the very least, 
test ranges will have been built 
to measure the radar visibility of 
large-scale models or full-size 
aircraft. This work, of course, is 
conducted in secret. 

Russian engineers have often 
shown a remarkable ability to 
develop simple solutions to com- 
plicated problems. As Russia’s 


The Sukhoi-29 aerobatic plane 


(above) has shown pilots can 
tolerate more than nine g 
forces. The nose of the Sukhoi- 


100 supersonic bomber droops 


for pilot visibility 


during landing. 
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leading early helicopter design- 
er, Mikhail Mil, used to put it: 
“Make it simple, make it strong 
—and make it work!” The open 
window of glasnost at last lets 
us see how this is done. 

The Russian aviation industry 
has a unique structure that 
shapes the way the engineering 
process is conducted. Although 
MiG, Sukhoi, and the other 
great names of Russian aviation 
now wear the Western-style la- 
bel of “joint-stock company,” the 
enterprises still function much 
as they did when they were offi- 
cially known as design bureaus. 

The design bureaus resemble 
Lockheed Corp.’s small, fast- 
working Skunk Works special 
projects division more than they 
do a typical Western aircraft 
company. Their function is to de- 
sign, build, and test prototype 
aircraft that meet government 
requirements. Once the design is 
proven, it is transferred to a state 
aircraft factory for production. 

Another feature distinguishes 
the design bureaus; they work 
very closely with massive state 
research institutes, which have 
no exact equivalents in the West. 
Some 15 miles from Moscow, for 
example, is the city of Zhuk- 
hovsky, named after Nikolai 
Zhukhovsky, a professor at 
Moscow's Technical College, who 
founded Russia’s first aerody- 
namic research institute in 1918. 

Until the late 1980s, the city 
and its surroundings were 
closed to foreigners, because it 
was built to house the Central 
Aero-Hydrodynamic Institute 


я 
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(TsAGI). TsAGI has more than 
20 wind tunnels, including the 
world’s second-largest tunnel 
and the world’s best hypersonic 
tunnels. It also performs the 
structural testing of all new 
Russian aircraft. 

A few miles away is the air- 
field where most Russian air- 
craft make their first flights. For 
many years, its proper name 
was unknown in the West. Now 
we know this test facility is 
called Zhukhovsky airfield, 
home of the Flight Research In- 
stitute (LII). 

TsAGI works on basic aero- 
nautical theory and develops 
test facilities to explore how the- 
oretical principles translate into 
actual designs. The results are 
then made available to the de- 
sign bureaus. Finally, TsAGI 
and LII test and approve the bu- 
reaus work before an aircraft 
goes onto a production line. 


ow well does this system 
Н: work? Тһе re- 
@markable agility of the 
formidable MiG-29 and Su-27 
fighters has dazzled crowds at 
air shows worldwide. In the 
now-famous Cobra maneuver, 
performed by both types of fight- 
ers, the pilot begins by pulling 
the control stick fully aft during 
level flight at medium speed. 
The airplane's nose rotates up- 
ward until the craft seems ready 
to flop over on its back. The air- 
flow, which is now almost per- 
pendicular to the horizontal sta- 
bilizers on the tail, finally forces 
the nose back down, and the air- 


2 craft levels out from a shallow - 


= dive. It's a sight to behold. 
Western fighters can perform 
a Cobra maneuver too. But only 
2 the Russians do it at air shows, 
= because their fighters are much 
> more stable at extremely high 
2 nose angles. А Russian pilot сап 
= perform the maneuver without 
x worrying that the aircrafUs nose 
& will suddenly “slice” to the left or 
right. And he knows that recov- 
ery will be assured and easy, be- 
cause the engines will continue 
to run, even with their air inlets 
moving slowly at a right angle to 
the airstream. 

Although Belyakov himself 
views the Cobra maneuver as a 
show tactic that might actually 
get a pilot killed in combat by 
putting him onto a slow and pre- 
dictable flight path an enemy 
could exploit, it provides vivid 
proof of the aerodynamic and en- 
gine stability of the Russian 
fighters. During a dogfight, 
these qualities mean the aircraft 
can be flown to their limits with- 
out loss of control. 

Good aerodynamics and en- 
gine behavior are not flukes. 


$ 
З 
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They are the result of intensive 
study that starts early in an air- 
plane development program, 
long before first flight. Unlike 
most Western designers, Rus- 
sian engineers use rocket- 
launched, free-flight models of 
each new fighter design to deter- 
mine how the aircraft will han- 
dle if it exceeds its aerodynamic 
limits and enters a spin. 

The Western discovery of a 
particularly innovative piece of 
Russian test equipment is relat- 
ed by Sergei Sikorsky, son of he- 
licopter pioneer Igor Sikorsky. 
For many years, the younger 
Sikorsky has served as an am- 
bassador-at-large for Connecti- 
cut-based United Technologies 
and as one of the most experi- 
enced Western observers of Rus- 


The Sukhoi-27 (above) is one 
of the world's best fighters. 
An advanced 5u-55 proto- 
type (below) adds canard 


fore-plane control surfaces. 


sian aviation. In the 1970s, a | 


drawing appeared on the back 
page of a Soviet aerospace mag- 


azine that showed the whirling | 


wakes, or vortices, shed by the 
tips of a helicopter’s spinning ro- 
tor. “Each individual blade had 
vortices. It was detail that we 
did not have,” Sikorsky recalls. 
“Half our engineers thought the 
Russians knew things we did 
not know, and the other half 
thought it was bull.” 

Much later, it was learned 
that the Russians had achieved 
a breakthrough in the study of 
helicopter aerodynamics. They 
were testing rotor models in ver- 
tical water tunnels, under condi- 
tions that caused the flow to cav- 
itate—that is, generate small 
bubbles. Special photographic 


Russia's super- 
sonic Tu-160 
swing-wing 
bomber resem- 
bles the U.5. 
B-1, but effi- 
ciently flies 


much faster at 


high altitudes. 


techniques recorded the vortices 
traced by lines of bubbles. 

Russian industry has evolved 
its own distinct methods for 
flight-testing new aircraft. In 
the West, the limits of controlled 
flight are usually established 
theoretically and by wind-tunnel 
tests. They are only approached 
with caution. Stalls are seldom 
performed intentionally, except 
during level flight. By contrast, 
Russian fighters are repeatedly 
stalled and put into spins during 
flight testing. 

Such spins are dangerous. 


| Several prototypes of the swing- 


wing MiG-23 crashed during 
spin tests. However, notes MiG 
test pilot Valery Menitsky, the 
changes made as a result en- 


| sured that no operational MiG- 


a turbine engine’s whirling com- 
pressor blades can stall under 
heavy or fluctuating loads, caus- 
ing the engine to lose power or 
flame out entirely. Unfortunate- 
ly, compressor stall is often not 
detected until an engine is built 
and run at full power. 

since 1956, TsIAM has oper- 
ated a massive 100,000-horse- 
power rig that can test the com- 
pressor to maximum power 
before it is installed in an en- 
gine. One of the Institute’s en- 
gine test cells is equipped with 
another unique device called a 
distortion generator, which con- 
sists of a fast-acting set of 
heavy-duty shutters that par- 
tially block the flow of air into 
the engine. It simulates the con- 
ditions the engine will encounter 


Russian engi- 
neers propose 
a two-stage 
launch system 
called MAKS, 
using a hydro- 
gen-fueled 
rocket space- 
plane mounted 
atop a huge 
Antonov-225 
Mriya trans- 


port aircraft. 
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23 was ever lost as a result of a 
stall and spin. 

In the case of the MiG-29, 
these tests allowed the designers 
to adjust the control system to 
make the aircraft more resistant 
to spinning. Also, two very small 
delta-shaped strakes were added 
near the tip of the nose. These 
fins generate a vortex, or 
whirling airflow like a small tor- 
nado, on each side of the aircraft. 
During sharp maneuvers, they 


| help to control airflow over the 


wing, making a spin less likely. 
Engine stability, like aerody- 
namic predictability, stems from 
fundamental research and test- 
ing. At Tuarevo, ten miles from 
Moscow, the Central Institute 
for Aviation Motors (TsIAM) 
maintains a massive complex of 
engine test cells. The facility has 
arrays of motors, compressors, 
heaters, and coolers that can 
test full-size engines at condi- 
tions that duplicate the cold, 


| low-pressure air of high alti- 


tudes and the extreme heat and 
pressures in an engine during 
supersonic flight. 

One of the perennial problems 
of jet, or turbine, engine design 
is instability in the compressor 
section. Like an airplane’s wing, 
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as the aircraft maneuvers at 
various speeds and altitudes, 
and as the angle of the airflow 
into the inlet changes. 

Part of the TsAGI site is cov- 
ered with large spherical air 
tanks that feed the T-117 hyper- 
sonic wind tunnel, a facility Rus- 
sian engineers use in the design 
of hypersonic aircraft and space- 
planes. It is the only wind tun- 
nel in the world that combines a 
near-orbital Mach 20 maximum 
speed with a three-foot-square 
working area for test models. 
Temperatures in the tunnel can 
reach almost 3,200°F, simulat- 
ing the friction heating caused 
by hypersonic flight. 

TsAGI works closely with TsI- 
AM on hypersonic aircraft pro- 
jects. TsLAM’s achievements in- 
clude the first known flight of an 
aircraft with an air-breathing jet 
engine fueled by liquid hydro- 
gen. In 1991 and 1992, TsIAM 
carried out the first and only 
successful flight tests of a work- 
ing supersonic combustion ram- 
jet, or scramjet, engine for ultra- 
high-speed flight. 

The wingless, cylindrical TsI- 
AM scramjet vehicle was 
launched from an S-200 surface- 
to-air missile at 4,000 mph and 


* AUGUST 1994 


TOM WHITE 


60,000 feet. According to TsLAM 
deputy director Vladimir A. 
Sosounov, the test results closely 
matched predictions made using 
the computer modeling method 
known as computational fluid 
dynamics. 

The next step in the TsSIAM 
program is a seven-ton, 28-foot- 
long delta-winged research vehi- 
cle that would be launched by a 
surplus intercontinental ballis- 
tic missile booster and recovered 
using a parachute. It could at- 
tain a speed as high as Mach 16, 
or 10,500 mph, at an altitude of 
100,000 feet. 

Russian officials are looking 
for international partners for this 
project. Zagainov of TsAGI be- 
lieves that a fully reusable 
winged space launcher "should 
be a truly international system, 
which can be flown to whichever 
country is the customer" to collect 
a payload and fly it into orbit. 


=} againov is a strong believer 
УА; craft that can take off 
from runways rather than 
launching pads. “The system is 
cheaper, more flexible, and more 
mobile,” he says, and “four or 
five recovery airfields worldwide 
are enough to ensure a safe land- 
ing.” Traditional pad-launched 
spacecraft, he feels, will only be 
used for very heavy payloads. 

Russian engineers concluded 
in 1990 that the now-canceled, 
single-stage-to-orbit U.S. X-30 
National Aerospace Plane would 
not be able to carry a payload in- 
to orbit. Such a craft is “an aim 
of the distant future, unless 
there is some technological mir- 
acle,” Zagainov says. 

Spaceplane development, Za- 
gainov feels, should proceed in 
three phases, the first being a 
two-stage vehicle with a subson- 
ic first stage, such as the giant 
An-225 Mriya transport plane, 
with its 250-ton payload. The 
next phase would use a hyper- 
sonic first stage. “After that,” he 
says, “it is practical to talk about 
single-stage-to-orbit.” 

The European Space Agency 
has been looking to Russia for 
help with its own spaceplane ef- 
fort. Heinz A. Pfeffer of ESA ex- 
presses what many outside ob- 
servers now say about Russia's 
aviation technology: It embraces 
some solutions that have simply 
not been thought of, or properly 
investigated, in the West. “What 
I look for from the Russians,” says 
Pfeffer, “is the ‘Aha!’ factor.” ШЫ 


THE EKRANUPLANE: 


ussian aviation engi- 
Hs have implement- 

ed a long-overlooked 
flight technology. They pro- 
pose that huge, sea-skim- 
ming craft can be built to 
whisk freight or passengers 
across the oceans at 450 
mph, while burning only 
about half the fuel of today's 
jetliners. And sprawling, ex- 
pensive airports aren't need- 
ed—just minimal handling fa- 
cilities at water's edge. It's an 
idea that could create a new 
transportatiori industry, half- 
airplane, half-ship. 

The Russians are the world's 
undisputed experts in this field 
of ground-effect flight. Thirty 
years of secret work has pro- 
duced machines they call Ekra- 
noplanes, which range from 
small trainers up to the mas- 
sive 544-ton "Caspian Sea 
Monster," an operational craft 
as big as the U.S. C-5A mili- 
tary transport. Ekranoplanes 
have been used for missions 
including river and maritime 
patrol, antisubmarine warfare, 
naval surface attack, and pas- 
senger transport. 

Western specialists were 
puzzled when they learned of 
the Caspian Sea Monster. A 
study done long ago for the 
U.S. Army had shown that a 
wing thick enough to generate 
the lift necessary for takeoff 
from water would be uneco- 
nomical for ground-effect 
cruising. The idea was 
dropped. What had the Rus- 
sians discovered? 

Their method was to direct 
the exhaust of the jet engines 
into the underwing space, gen- 
erating high pressure there. 
This was sufficient to lift the 
craft at a standstill and get it 
moving, all with a wing thin 
enough for low drag at cruis- 
ing speed. 

Ekranoplanes operate with 
their wings very close to earth 
ог sea, in a condition known 
as ground effect, which boosts 
lift and cuts drag. Lift increas- 
es because the wing and the 
surface over which it flies trap 
air between them, causing un- 
derwing pressure to rise. Drag 


decreases because the pres- 
ence of the nearby surface is 
used to suppress formation of 
whirling air vortices that sap 
the efficiency of normal wings. 

A wing in ground effect is 
like a plain bearing that sup- 
ports a car's crankshaft by 
climbing onto a wedge of oil, 
whose viscosity prevents it 
from being immediately 
squeezed out. The continu- 
ously replenished oil film in 
the bearing supports the load, 
preventing destructive contact 
between moving parts. The 
moving wing of the Ekra- 
noplane is, therefore, just a 
large "air bearing." 

The Russians see applica- 
tions for their existing Ekra- 
noplanes in fast inter-island 
service and search-and-rescue 
missions. Although these de- 
signs are too small to achieve 
the full potential benefits of 
ground effect, they could be 
economically viable, because 
they need no airports. Cooper- 
ative development of a huge, 
next-generation transoceanic 
craft is being pushed by Aero- 
con Corp., in Arlington, Va., 
which has attracted some sup- 
port from the Pentagon's Ad- 
vanced Research Projects 
Agency. Military interest has 
been sparked by the logistical 
needs of overseas buildups 
such as Desert Storm, where a 
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RUSSIA'S WINGSHIP 


fast and efficient heavy cargo 
mover is essential. 

Steve Hooker, the compa- 
ny’s president, has researched 
gigantic 4,000 to 6,000-ton 
“wingships” flying at 15- to 
30-foot altitudes over dis- 
tances of 5,000 miles or more. 

How does this compare with 
today’s big airplane, the Boe- 
ing 747? The 747 takes off at 
just under 400 tons and flies at 
about 570 mph to deliver 50 
tons of cargo over 5,000 
miles. The proposed wingship 
would have 12 times the 
weight of a 747, yet carry 30 
times the payload. 

The big payload gain comes 
partly from the low-drag bene- 
fits of flying in ground effect 
and partly from the efficient 
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structural design a wingship 
can have. To maximize effi- 
ciency, a conventional air- 
plane’s wing must be long and 
slender, but it takes lots of 
heavy material to make such a 
wing strong. The heavier the 
payload, the more wing struc- 
ture is needed to support it. 
By flying in ground effect, 
the Ekranoplane or wingship 
can develop lift efficiently with 
short wings made strong with 
less material. The payoff is 
more payload. Ongoing com- 
puter simulations and years of 
flight experience have made 
Russia’s Ekranoplane engi- 
neers and their American part- 
ner anxious to prove the wing- 
ship idea in metal on a grand 
scale — Kevin Cameron 
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А praposed transaceanic "wingship" (above). А water- 


skimming Ekranoplane departs from a ramp (below). 
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E December, 
Energy Sec- 


retary Hazel 


O'Leary disclosed 
that the United 
States has pro- 
duced 102 metric 
tons of plutonium, 
66 of them made 
between 1944 and 
1987 at the Hanford 
nuclear reservation. 
Now a physicist at 
the Natural Re- 
sources Defense 
Council calculates 
that the facility had 
actually produced 
67.5 metric tons of 


plutonium. The ex- 


1га 1.5 metric tons 


are enough to make 


hundreds of 


weapons. DOE offi- 


cials say the dis- 
crepancy is 

a result of shoddy 
bookkeeping, not 


theft. 
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The prospect of nuclear war is fading. But nuclear weapons: 


f there was one area in 
which the Soviet Union 
truly excelled—quantita- 
tively if not qualitative- 
ly—it was in the develop- 
| ment of nuclear energy 
for war and peace. 
Marxism-Leninism depended 
upon the “means of production,” 
the industrial system that nour- 
ished communist society, and 
that system had to be strength- 
ened and protected at all cost. 
This in turn depended upon gen- 
erating immense amounts of en- 
ergy to keep farms and factories 
and producing 
weapons so destructive that the 
West would not dare attack. 


| All of the republics except Azer- 


baijan, Moldova, and Turk- 


BY WILLIAM E. 
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menistan produced nuclear 
weapons and power plants, or 
the research and materials that 
went into them. 

Like the space program, 
atomic energy yielded enormous 
prestige—propaganda that 
played especially well to non- 
aligned nations like India and 
Egypt, which Moscow courted. 
But in reality, the Soviet Union’s 
love affair with nuclear energy 
exacted a horrendous cost upon 
individuals and the environ- 
ment, both of which were consid- 
ered far less important than sus- 
taining the means of production. 
The Soviet nuclear legacy con- 
tinues to pose an incalculable 
threat to world stability because 
of thousands of unemployed or 
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underemployed atomic scientists 
who are seeking work, plus an 
immense stockpile of salable, 
finished weapons and weapons- 
ready fissile material. 

While widespread contam- 
ination of the environment will 
be the nuclear program’s 
longest-lasting legacy, the most 
pernicious short-term danger 
comes from a burgeoning horde 
of criminals and corrupt officials 
who are eager to sell their coun- 
trys nuclear stocks to foreigners 
for hard currency. The en- 
trepreneurs, from lone free- 
lancers to pervasive organized 
crime syndicates, threaten to 
add new meaning to “make a 
killing." 

Although the government 
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À catastrophic 
accident at the 
Chernobyl pow- 
er plant in 
1986 focused 
the world's at- 


safe Soviet re- 


actor designs. 
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Sheep in 
Kainar, Kaza- 
khstan, died 
from radiation 
poisoning dur- 
ing the Soviet 
Unions nuclear 
testing pro- 


gram. 
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seems to have kept a shaky lid 
on its fissile material and nucle- 
ar weapons stockpile so far, the 
situation is as unstable as bomb- 
grade plutonium itself. The 
wheeler-dealers know that, 
where Iraq, Iran, Libya, and 
other would-be nuclear weapons 
states are concerned, plutonium 
and highly enriched uranium 
are more than worth their 
weight in gold. 

In common with some of their 
American counterparts, Soviet 
engineers in the 1940s and 50s 
believed that the atom held so 
much energy that it would some- 
day be too cheap to meter. But 
there were other, more subtle, 
reasons for harnessing nuclear 


power. For one thing, it required 
advanced science and technolo- 
gy, which proved to the workers 
and peasants at home that the 
doctrine controlling their lives 
was the wave of the future and 
would make their nation a peo- 
ple's paradise. 

"Comrades, look at what a 
beautiful city you have here in 
Pripyat, said Vladimir 
Mikhailovich Tsybulko, a high- 
ranking member of the Ukraini- 
an Communist Party, in 1979. 
^You have been talking about 
four reactor units," he added, in 
reference to a power-plant com- 
plex planned for a site close to 
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the city. “I say that’s not enough! 
I would build eight, twelve, and 
even all twenty reactor units! 
Then the town will grow to one 
hundred thousand inhabitants. 
It will be a fairy tale, not a 
town.” The fairy tale turned out 
to be a grim one. The four reac- 
tors that did go on line were 
named Chernobyl. 


he infamous accident at the 
T ones reactor on 

April 26, 1986, was the 
first dramatic indication that 
many Soviet power reactors were 
inherently dangerous. Techni- 
cians were testing the reactor—a 
type that is cooled by water and 
whose neutron flux is moderated 
by graphite—to see whether its 
turbogenerator could provide 
power after the steam supply 
was shut off for a short time. But 
the experiment suddenly went 
out of control, turning into a 44- 
second “power excursion" that 
caused the reactor to literally 
blow its top. About 50 tons of nu- 
clear fuel evaporated in the ex- 
plosion and were released into 
the atmosphere, contaminating a 
wide swath of Ukraine and 
spreading to Sweden and be- 
yond. Millions were exposed to 
iodine-131, plutonium-239, ce- 
sium-137, strontium-90, and oth- 
er radionuclides. 

Some workers volunteered to 
clean up the still-smoking, ra- 
dioactive rubble within hours of 
the accident; others “volun- 
teered” at gunpoint. Dramatic 
pictures taken within hours of 
the accident show men, whose 
only protection against radia- 
tion was surgical-type masks, 
tossing chunks of “hot” graphite 
off the roof of the reactor build- 
ing with their bare hands. Oth- 
ers photographed the scene 
from helicopters hovering in the 
severely contaminated smoke 
pouring out of the jagged hole. 
Some died quickly of massive 
exposure to radiation. Others 
continue to die. 

Moscow’s first reaction was to 
blame the catastrophe on those 
who conducted the experiment. 
But Marxist technology was the 
true culprit. Not only was the re- 
actor’s design inherently faulty, 
but even the containment that 
was supposed to keep radioac- 
tive particles from escaping into 
the atmosphere was pathetically 
thin. While the containment on 
U.S. reactors is made of thick re- 
inforced concrete, Chernobyl's 
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was only flimsy sheet metal. 

“You could plainly see blue sky 
through the cracks in the 
[containment] ceiling when you 
stood inside," says Gregory J. 
Van Tuyle, a Brookhaven Nation- 
al Laboratory scientist who 
helped determine the cause of 
the accident for the U.S. Depart- 
ment of Energy. Citing the inces- 
sant meddling of ignorant bu- 
reaucrats, Chernobyl's chief 
engineer, Grigori Medvedev, 
called its design “а death sen- 
tence waiting to be executed." 

Sixty-two Soviet-designed 
power reactors continue to oper- 
ate in the former Soviet re- 
publics and Eastern Europe. 
Forty-seven are pressurized wa- 
ter reactors, called VVERs, that 
are similar in principle to most 
American types. But the older 
VVERs, the model 230 and the 
slightly newer 213, lack real 
containments, as well as emer- 
gency core cooling systems to 
pump in extra water if a pipe 
ruptures. The other 15, all of 
them similar in design to Cher- 
nobyl-4, are considered so dan- 
gerous that American and other 
Western experts have called for 
taking them off line. 

In April, Ukraine tentatively 
agreed under pressure from the 
United States to shut down 
Chernobyl’s two remaining oper- 
ational reactors. It also agreed to 
form a partnership with West- 
inghouse Electric Corp. to up- 
grade the safety level of its 14 
VVER reactors with $5 million 
in start-up funds provided by the 
U.S. Department of Defense. 
Westinghouse is undertaking the 
same kind of project on VVERs 
in the Czech Republic. Critics of 
that plan, including Friends of 
the Earth, claim that it amounts 
to slapping Band-Aids on reac- 
tors that are so inherently un- 
safe that no amount of fixes can 
make them otherwise. 

The reactors and the fuel cycle 
that supports them constitute a 
specter of unimaginably frighten- 
ing proportion. Yuri Vishnevsky, 
chairman of Russia's Atomic In- 
dustry Inspectorate, said in 
February that widespread safety 
violations, poorly trained work- 
ers, thefts of radioactive materi- 
al, and abiding poverty have cre- 
ated an "intolerable" national 
hazard. 

He reported that about 20,000 
safety rule violations were 
recorded in 1993, and that nu- 
clear facilities were forced to 


shut down 78 times that year 
because of extremely dangerous 
operations. Nearly 10 percent of 
5,000 workers flunked a test of 
safety rules, Vishnevsky said, 
adding that the maximum fine 
for an individual who violates 
safety regulations is 100 rubles, 
or about 5 cents. 

So pressed are the Russians 
for money that a company was 
set up in Moscow in 1990 to al- 
legedly “use nukes for nature.” 
It promoted the idea of inciner- 
ating toxic wastes, including the 
radioactive kind, with under- 
ground atomic explosions. 

Called the International 
Chetek Corp. (an abbreviation of 
Chelovek, Technologia, Kapital 
—the Russian words for Man, 
Technology, Capital), the outfit 
was started by nuclear program 
managers and scientists in a 
desperate effort to market skills 
that were no longer needed to 
wage the Cold War. The U.S.- 
Russian moratorium on under- 
ground nuclear testing has 
stalled the disposal plan, which 
company officials insist is good 
for the environment. They take 
the dubious position that be- 
cause the blasts would occur in 
large rock formations, nuclear 
contamination would be all but 
eliminated. Environmental 
groups are not persuaded. 


he full extent of nuclear 
T pollution, which was kept 
“һ under the tightly drawn 
shroud of state security before 
perestroika, is still not complete- 
ly known. What is known, how- 
ever, is hair-raising. From the 
beginning of their nuclear pro- 
gram in the 1940s to as late as 
last October, when a freighter 
was caught dumping low-level 
radioactive waste into the Sea of 
Japan, the Russians have sys- 
tematically turned much of their 
own territory and the seas 
around it into a convenient nu- 
clear cesspool. A report present- 
ed to the International Maritime 
Organization by Russian scien- 
tists last autumn admitted that 
"all dumpings...in the northern 
seas (and most dumpings in the 
far eastern seas) were per- 
formed in gross violation of in- 
ternational standards." 

One of the worst horror sto- 
ries concerns Novaya Zemlya, a 
500-mile-long island that 
thrusts into the Barents Sea like 
a curved scar. For years, the So- 
viet military used the waters on 
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both sides of Novaya Zemlya as 
a dumping ground for nuclear 
reactors from 18 nuclear sub- 
marines and icebreakers, in 
spite of a 1972 ban on such ac- 
tivities. Eight of the reactors 
contained hot fuel. Uncounted 
canisters of nuclear waste were 
also pitched into the waters, nu- 
clear bombs were tested there, 
and an entire nuclear sub was 
deliberately sunk after an acci- 
dent in May 1968. 

Another submarine, the Kom- 
somolets, sank 300 miles off Nor- 
way, with the loss of 42 sailors, 
after a fire in 1989. Equipped 
with two nuclear warheads, the 
sub is leaking small amounts of 
highly radioactive plutonium- 
239 that could contaminate com- 
mercial fish stocks in the area. 
Russian scientists have asked 
for international help to raise 
the wreck, or to seal it with a gel 
that would harden in contact 
with seawater. 

Additional nuclear wastes 
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have ended up in lakes, rivers, 
and leaking underground stor- 
age tanks. The effects of Cher- 
nobyl pale in comparison with 
the effects of a nuclear weapons 
program that peaked in 1986 at 
45,000 bombs, warheads, mines, 
artillery rounds, and even “back- 
pack” devices to be worn by 
atomic commandos behind ene- 
my lines. 

These nuclear weapons were 
produced in the notorious secret 
cities, a vast network of re- 
search, design, production, test- 
ing, and storage sites spread 
across the breadth of the moth- 
erland. Tomsk-7, Arzamas-16, 
Chelyabinsk-70, and other se- 
cret cities bore only postal num- 


bers, and were not found on any | 


maps. Many were built with 
slave labor and manned by polit- 
ical prisoners: “special contin- 
gents” of the kind that were 
memorialized by Aleksandr 
Solzhenitsyn in The Gulag 
Archipelago. 
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Nuclear test vic- 
tims in Sarjal, 
Kazakhstan, 
suffer from a 
wasting disease 
that resembles 


AIDS. 
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Russia has a 


large arsenal of 
intercontinental 
siles, like the 
one in this silo, 
which have not 
yet been 
dismantled. 


58 


“From 1955 to 1989, I was a 
nonperson who worked at a 
place that didn’t exist,” one not- 
ed geophysicist recalls with a 
rueful smile. His job was to 
monitor his own country’s nu- 
clear weapons tests at Semi- 
palatinsk, and those of its main 
adversaries in the Nevada 
desert and at Lop Nor in west- 
ern China. 

Accidents were not uncom- 
mon in Russia’s secret cities. 
One of the worst happened in 
1957 at Kyshtym, a plutonium 
production site near the city of 
Chelyabinsk in the Ural Moun- 
tains. High-level waste solu- 
tions in a concrete tank sub- 
merged in water got so hot they 
exploded, blowing off a yard- 
thick concrete lid and releasing 
70 to 80 metric tons of radioac- 
tive waste into the atmosphere. 
Some 217 towns and villages in 


| the area, with a combined popu- 


lation of 270,000, were so ra- 
dioactively contaminated they 


had to be evacuated. 


The accident was revealed to 
the West in 1976 by dissident 
scientist Zhores Medvedev, but 
was not confirmed by Russian 
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authorities until 1989. They es- 
timated that four times as much 
radioactivity had been released 
as at Chernobyl. 

Many secret cities were Cher- 
nobyls in slow motion. In the 
early 1950s, the Chelyabinsk 
plant discharged high-level ra- 
dioactive waste directly into the 
Techa River near Sverdlovsk, 
some of it making its way 1,000 
miles to the Arctic Ocean. Later, 
waste was dumped into Lake 
Karachay, which has no outlets. 
The lake has received more than 
twice the radioactivity emitted 
by the Chernobyl accident, ac- 
cording to D. J. Peterson of the 
Center for Soviet Studies in San- 
ta Monica, Calif. When the lake 
dried up briefly in 1967, much of 
the contamination blew across 
farming villages up to 60 miles 
away. 

But the contamination of 
fields, streams, and oceans by 
radioactive byproducts is not the 
only problem. There is also the 
fissionable material itself. More 
than 125 metric tons of bomb- 
grade plutonium are stored at 
Chelyabinsk and Tomsk, enough 
to make 15,000 new warheads or 
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bomb cores. Some of the plutoni- 
um is raw; some is machined in- 
to perfect spheres. Another 
1,000 metric tons of highly en- 
riched uranium—enough for 
45,000 additional weapons—is 
stashed at Sverdlovsk, Angarsk, 
Krasnoyarsk, and Tomsk. 

No one seriously believes that 
Russia intends to manufacture 
60,000 more bombs and war- 
heads. On the contrary, the 
Kremlin is eager to dismantle 
much of the weaponry it already 
possesses and sell the nuclear 
cores as civilian reactor fuel in 
the United States and else- 
where. The problem is that the 
plutonium and uranium are 
more valuable as bomb compo- 
nents than as fuel and could 
therefore be subject to theft or 
sale by underpaid and demoral- 
ized security guards. 

“Russia and the United States 
must deal with tens of tons of ex- 
cess plutonium, the result of the 
ongoing dismantlement of thou- 
sands upon thousands of nuclear 
weapons,” said John H. Gibbons, 
President Clinton’s science ad- 
viser, in a recent speech. The 
United States tried to ease the 
problem in 1992 when it agreed 
to help build a central deposito- 
ry at Tomsk for all of Russia’s 
nuclear material. 

The 60-acre underground fa- 
cility would consist of 50 two- 
story halls, each 75 yards long. 
Each hall would hold 2,000 can- 
isters, each of which would con- 
tain up to 11 pounds of plutoni- 
um or twice that much highly 
enriched uranium. Trains run- 
ning aboveground would deliver 
the canisters to both ends of the 
gargantuan facility, where ele- 
vators would lower them to what 
is hoped will be their final burial 
place. For now, however, the de- 
pository remains nothing more 
than an ambitious plan. 


ew of the former Soviet 

Union’s warheads have 

been dismantled. By 1989, 
when the death knell of Soviet 
communism abruptly ended su- 
perweapon production and rele- 
gated most conventional 
weapons like the MiG-29 to a 
colossal yard sale, there were 
some 35 different types of offen- 
sive nuclear missiles (not count- 
ing those used in aerial combat). 
These ranged from submarine- 
and air-launched cruise mis- 
siles, to the venerable (and ever- 
popular) medium-range Scud, to 


the huge 55-18 Satan. The last 
is a 120-foot-long monster that 
carries up to ten independently 
targetable warheads. It was de- 
signed specifically for use 
against “hard targets” such as 
U.S. missile silos. 

The newer SS-24 Scalpel and 
55-25 Sickle have ranges slight- 
ly shorter than the SS-18's 6,000 
nautical miles, but they also 
have a striking advantage over 
their older, more cumbersome 
cousin: They are launchable 
from railroad cars and are there- 
fore highly mobile. 


our nations—Russia, 
= Ukraine, Kazakhstan, and 
Belarus—owned long- 
range, nuclear-tipped, ballistic 
missiles when the Soviet Union 
disintegrated into its 15 con- 
stituent parts. Belarus relin- 
quished all 72 of its SS-25s in 
1992. Kazakhstan had 104 SS- 
18s and 40 TU-95 Bear bombers 
armed with nuclear-tipped AS- 
15 cruise missiles when the em- 
pire crumbled, but it returned 
them to Moscow and signed the 
nuclear Non-Proliferation 
Treaty banning the spread of 
nuclear weapons. Kazakhstan 
also agreed with five other for- 
mer Soviet republies to control 
exports of material, technology, 
and equipment that could be 
used for making weapons of 
mass destruction. 
Both pledges are particularly 
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important be- 
cause Kaza- 
khstan  con- 
tains a 
formidable nu- 
clear weapons 
infrastructure 
that is not so 
easily moved 
as missiles and 
bombers. It has 
the giant Tyu- 
ratam cosmod- 
rome and mis- 
sile launch 
facility, the 
sprawling 
Semipalatinsk 
test complex, a fast breeder reac- 
tor used for producing plutoni- 
um, two giant uranium mining 
centers, and extensive nuclear 
research and fuel fabrication 
facilities. 

Ukraine's nuclear stockpile is 
a thorny problem. The home of a 
proud, nationalistic people who 
have always resented Russian 
domination and remain suspi- 
cious of Moscow, Ukraine 
emerged from the collapse of the 
Soviet Union with a fearsome 
arsenal of nuclear weapons and, 
like Kazakhstan, a research and 
development infrastructure to 
match. 

While Ukraine agreed to dis- 
mantle all 130 of its SS-19 
Stiletto intercontinental ballis- 
tic missiles, it stubbornly held 
onto 46 SS-24s, 34 TU-95 and 
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TU-150 bombers (the latter is a 
supersonic equivalent of the 
U.S. B-1B), and an unspecified 
number of nuclear gravity 
bombs. Nationalist legislators 
were clear about their reasons 
for wanting to hang onto the su- 
perweapons: to use them as 
bargaining chips to pry aid out 
of Washington for their belea- 
guered country. Meanwhile, the 
more liberal president, Leonid 
M. Kravchuk, resolved in 
September 1993 to dismantle 
all of the warheads so their 
cores could be used to fuel the 
reactors of a desperately ener- 
gy-hungry Ukraine. In the end, 
Kravchuk had his way when 
parliament voted to sign the 
START treaty reducing nuclear 
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Nuclear sub- 
marines of the 
northern fleet 
(above) rarely 


patrol the seas 


| anymore. Below 


is a Russian- 
designed 100- 
megaton 


nuclear bomb. 
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more is a super- 
computer. [his cat- 
egory includes ma- 
chines made by 
Cray, Convex, Fujit- 
NEC. The Cray- 
YMP/C9016 (with 
16 processors) is 
gaflops. According 
to the International 
Data Corp., 193 
such supercomput- 
United States; plus 
883 minicomputers 
rated at about one 
gigaflops (such as 
Crays); and 1,037 
massively parallel 
computers (such 


Anything that sells 
for $10 million or 


defining a super- 
computer is cost: 
less-powerful 

as those from 
Thinking 
Machines). 
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POPULAR SCIENCE 


— Computer 
Zar 


| BY ARTHUR FISHER 


Boris Bahaian, holder of the Lenin Prize, father 


of high-powered computing in the Soviet Union, 


has formed a symbiotic relationship with Ameri- 


ca's Silicon Valley to continue his work. 


he computer man- 
ufacturing indus- 
try in our coun- 
try has virtually 
stopped. In fact, it 
| is safe to say that it 
has ceased to exist.” 

The speaker is Boris Babaian, 
an affable 60-ish bear of a man 
with imposing black eyebrows 
whose face is unmistakably 
stamped with bold Slavic fea- 


| tures. His imprint on Russian 


computer science—past, present, 


and future—is equally legible. 


Babaian is one of the scientific 
stars of the former Soviet Union. 
He heads the computer division 
of the 60,000-employee Institute 
of Precision Mechanics and 
Computer Technology, a member 
Institute of the Russian Acade- 
my of Sciences, where he has 
worked for more than 30 years. 
His team there was responsible 
for developing the supercomput- 
ers that enabled the Soviets to 
become masters of nuclear 
weapons design and to become 
preeminent in space exploration. 
For their work in producing the 


| Elbrus-2 computer (named after 
| Mt. Elbrus in the Caucasus, 
| highest in Europe), Babaian and 


some of his colleagues were 
awarded the coveted Lenin Prize 
in 1987. Babaian gained the so- 


* AUGUST 1334 


briquet “the Seymour Cray of 


Russia,” after the reclusive | 


American genius who pioneered 
supercomputer design. 


But now Babaian is wearing a | 


second hat. He is chairman of 
the board of directors of the 
Moscow Center of SPARC 
Technology, which has branches 
throughout Russia. SPARC 
stands for “scalable processor ar- 
chitecture” and is a trademark 
of Sun Microsystems Computer 
Corp. of Mountainview, Calif. 
What is Babaian doing associat- 
ing with Sun, a leading maker of 
desktop workstations using 
RISC (Reduced Instruction Set 
Computing) technology? 

The answer is that Babaian, 
like many other scientists in the 
former Soviet Union, is finding 
salvation for his work and his 
colleagues through a commercial 
agreement with an American 
company willing to take some 
risks to capitalize on an enor- 
mous pool of talent. 

The collapse of the Soviet Em- 
pire at the end of 1991 brought 
not only political turmoil but 
economic disruptions that 
threatened to break up Baba- 
ian’s team at the Institute. 
When orders from the military- 
industrial complex for the. El- 

[Continued on page 68] 


Computer 
legend Boris 
Babaian 
appears with a 
blowup of a Sun 
chip design in 
the background. 
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B lone 
space station, 


Skylab, consisted 


of an empty third 
stage from a mas- 
sive Saturn V moon | 
rocket. The enor- | 
mous cylinder 
measured 120 feet 
long, three times 

the length of Rus- 
sia's Salyut 1 sta- 
tion. Problems 
plagued Skylab 

from the moment it 
was launched in 
1973. Tempera- 

tures inside the sta- 
tion hovered 

around 110°F, the 
shower leaked, and 
critical equipment | 
needed constant 
repair. After three 
visits in 1973, Sky- 
lab was sealed shut 
in early 1974 and 

left to rot 275 miles 
above Earth. It fell 
from orbit and dis- 
integrated in the at- 


mosphere in 1979. 
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ost successful space program lives on. 
It may he Russia's most 


BY SANDY FRITZ 
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(ST 


oviet space scientists 


soldiers in a war. It 
was a war of firsts, 
biggests, and bests 
| that raged above the 
planet, where victories were 
quickly surpassed by the oppo- 
nent. And during the early days 
of the Cold War's space race, the 
Soviets beat the Americans in 
every key battle: first into space, 
first space walk, first multi-per- 
son crews, first rendezvous of 
two spacecraft. 

Now the war is over. The cut- 
throat competition of the space 
race is gone, and in its place 
stands a new credo: Share the 
costs, share the risks, share the 


data. Myriad cooperative pro- | 


jects unimaginable a decade ago 
are now under way between the 
two former archrivals, including: 


* The design and building of | 


an international space station. 
* The launching of American 
satellites on Russian rockets. 


* Tentative agreements with | 


NASA to explore the sun and 
Pluto. 

Space, once the key battlefield 
of the Cold War, has become a 
proving ground for new open- 
ness and cooperation between 
the United States and Russia. 
And if any international effort to 
explore space is to succeed, it 
must rely on Russian know-how. 

None doubt the potency of the 
technology developed by the for- 
mer Soviet Union's space pro- 
gram. While the U. S. was strug- 
gling to build a rocket strong 
enough to get monkeys off the 
ground during the start-up of 
the Mercury program in 1959, 
the Soviets were already build- 
ing boosters powerful enough to 
hurl satellites to the moon. They 
managed this feat three times 
between 1958 and 1960. 

By the end of 1961, the U.S. 
had tallied one suborbital flight 
by Alan Shepard that lasted 15 
minutes. That same year, Soviet 
cosmonaut Gherman Titov 
stayed aloft for 25 hours and 18 
minutes. By the time John 
Glenn managed three orbits in 
1962, the Soviets were ren- 
dezvousing spaceships above the 
planet. The following year, they 
sent a cosmonaut into orbit for 
nearly five days. 

The ability to put humans and 
satellites into space remains one 
of Russia's key strengths. "The 
launch vehicles at their disposal 
are probably the most attractive 


and cosmonauts were 


Vision of 

the future or 
pie-in-the-sky? 
Russia's Mir 
space station is 
shown linked to 
the U.S. shuttle 
in this artist's 


concept. 


B3 


Motors from 
Russia's Energia 
rocket (above), 
renowned for 
their reliability, 
produce Б.Б 
million pounds 
of thrust. The 
4.4-million- 
pound Energia 
launch vehicle 
(right) can carry 
three times 
more payload 
into orbit than 


the U.S. shuttle. 
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element for any kind of unified 
program,” says Nick Johnson, 
an analyst with Colorado 
Springs-based Kaman Sciences, 
a chief contractor for the U.S. 
military's space surveillance sys- 
tems. “Not only are these vehi- 
cles highly reliable, but they 
have many different types of 
boosters that span payload ca- 
pacity from less than one to over 
20 metric tons. Depending upon 
what kind of spacecraft you 
have and what kind of orbit you 
want, they've got a launch vehi- 
cle well suited to the mission.” 
Johnson credits methodical de- 
velopment for the Russians’ suc- 
cess. “Most of their launch vehi- 
cles have been flying for 25 or 30 
years,” he says. “These are clas- 
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| sic, tried-and-true designs, so ac- 


cidents are rare.” A ten-degree 
drop in temperature or a mist at 
Cape Canaveral can scrub a 
shuttle mission, but the Russians 
can launch missions in any 
weather. “They think nothing of 
sending up a satellite in tempera- 
tures of 30 degrees below zero,” 
says Johnson. “They can launch 
in very high winds, and I’ve even 
seen videos of a launch in the 
middle of a blizzard.” 

Perhaps the most valuable 


| jewel in the crown of Russian 


space achievement derives from 
their space stations and the data 
they have accumulated on the 
effects of microgravity on the 
human body. “NASA is almost a 
newcomer to space stations,” 
says Roald Sagdeev, a Russian 
physicist who is now a distin- 
guished professor at the Univer- 
sity of Maryland. “NASA's expe- 
rience with long-duration flight 
from Apollo expired long ago. 
But the Russians have managed 
to keep men in space constantly 
for two decades." 


he Soviets may have lost 
T» race to the moon in 

1969, but when they did, 
they simply changed the game. 
Space stations became their new 
goal. Their first station, Salyut 
1,took only 18 months to design, 
build, and launch. As Salyut 
went though six successive gen- 
erations between 1971 and 
1986, the United States again 
played catch-up. Skylab, 
launched in 1973, fell from orbit 
in 1979 after just three changes 
in crew. The 84-day flight record 
established by American astro- 
nauts in 1974 was surpassed by 
the Russians three years later in 
the ordinary course of their 
space station evolution. 

By the time Salyut 7 was 
launched in 1982, the Soviets 
had developed robot supply 
ships, sophisticated docking 
nodes for linking incoming ships 
and additional living modules, 
and escape vehicles for cosmo- 
nauts on board. Mir, launched in 
1986, incorporated everything 
the Russians had learned from 
15 years of experience and has 
remained continually occupied 
ever since. 

The Russians have amassed 
vast databases detailing what 
happens to humans when they 
live in a near zero-gravity envi- 
ronment for long periods. Says 
Kaman's Johnson: “The Rus- 
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sians’ physiological and psycho- 
logical database [on the effects of 
long-term space flight] is without 
peer. They've also done very good 
work in terms of creating nearly 
closed life-support systems 
aboard their stations." 

When humans go into space, 
their legs become spindly and 
their chests and faces puff up be- 
cause, without gravity, blood col- 
lects in the torso. This forces the 
heart to work far harder than it 
does on earth. In addition, mus- 
cles begin to shrivel, and the hu- 
man skeleton decays. Early 
long-duration space flights left 
astronauts and. cosmonauts un- 
able to walk or even stand when 
they first returned to earth. 

Although they have yet to re- 
veal all of their research, the 
Russians do acknowledge that a 
rigorous exercise regimen while 
in space is absolutely essential. 
About a month before returning 
to earth, Mir inhabitants exer- 
cise for about six hours a day to 
prepare for the strain of gravity. 


| When Mir cosmonauts Anatoly 


Solouyev and Alexander Ba- 
landin were unable to exercise 
during the final month of their 
stay because they spent so much 
time outside the station repair- 
ing their Soyuz return capsule, 
they returned home in pitiful 
shape. A film of the cosmonauts 
being retrieved from their reen- 
try vehicle revealed two pale 
men, laboring to breathe and 
unable even to lift their arms. 

Excellent launch vehicles, ex- 
perience in space station house- 
keeping, and a proven health 
regimen: these are the chips the 
Russians bring to the negotiat- 
ing table. America and Russia 
have good reason to pool their 
chips. With the Cold War gone, 
both space programs must find 
new reasons to justify their exis- 
tence. *If I were Clinton or 
Yeltsin," ponders John Pike, the 
director of space policy for the 
Federation of American Scien- 
tists, “апа I wanted to find the 
most visible undertaking that 
would unite both powers, it 
would be the space program. 
The space race was such a defin- 
ing feature of the Cold War that 
to be cooperating rather than 
competing sends a real clear 
message to the world." 

In December 1993, Russia 
and the U.S. sent that message 
by formally agreeing to join their 
space station efforts. The pro- 
gram, if approved by the U.S. 


т 


* 


Congress, calls for three phases. 
During the first, the American 
space shuttle would link with 
Mir at least ten times from 1995 
through 1997. The shuttle would 
ferry upgraded solar arrays to 
the Russian station, and Ameri- 
can astronauts would make ex- 
tended stays. To accommodate 
the Americans, the Russians 
would add new modules to Mir 
to house Russian and American 
scientific experiments. The U.S. 
will pay $400 million over the 
next four years to support these 
Mir missions. 

Phase two begins in 1997, 
with joint Russian/American 
launches of the basic building 
blocks for the new space station; 
Russian-made boosters would 
muscle the main pieces into 
space. By the end of 1997—an 
estimated 90 launches later 


—the core 
station would 
Cramped quar- be ready for 
inhabitants. 
ters in Mir have А Soyuz As- 
sured Crew 
sustained Return Ve- 
hicle would 
cosmonauts be added in 
1998. 
for more than After the 
U.S. and 
a decade. Russia have 
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established the station, phase 
three begins in 1999, with mod- 
ule labs from Japan, Europe, 
and Canada fleshing out the 
structure. Under this timetable, 
the station would be ready for 
permanent occupancy by a crew 
of six in the year 2001. 

The plan is ambitious and dar- 
ing. But the number of potential 
stumbling blocks is enormous, 
the foremost being Russia's cur- 
rent instability. When the Soviet 
Union broke up, for example, 
Russia didn't even know where it 
would launch its Soyuz missions; 
Russia's key launch site for 
manned spaceflight, the Baiko- 
nur Cosmodrome, suddenly found 
itself inside the newly indepen- 
dent state of Kazakhstan. Only 
recently did the Russians negoti- 
ate a long-term lease for the site. 
And the well-known economic 
hardships that have shaken the 
superpower have affected the 
space program as well, leaving 
many wondering if Russia will be 
able to afford any space ventures. 

At the height of its space pro- 
gram, the Soviet Union hosted 
160 launches a year, versus 
about 100 for the United States. 
Since the dissolution of the 
USSR, Russia has maintained a 
vigorous pace, launching over 
220 missions, more than the rest 


HIGH JUMPING 


Yuri Gagarin was the 
first man in space, but 
he did not land with 
his spaceship. In fact, 
none of the five Rus- 
sians who flew Vostok 
missions between _ 
1961 and 1963 landed. 
with their ships. 

To adequately pro- 
tect the cosmonauts 
from the searing heat 
of reentry, an asbestos 
outer shell and a 
parachute were added 
to the Vostok space- 
craft, which made it 
too heavy to land safe- 
ly with a passenger on 
board. The flight plan 


Had the Soviets ad- 
mitted that ships. and 
cosmonauts landed 


separately, they would 


have technically lost 


the honor of being the 


first nation to put a 
man into space. The 
Federation Аегопаџ- 


tique Internationale re- 
quired that both man 


and capsule land to- 
gether in order to qual- 
ify as a valid record. 


Since no proof could 


be found that the Sovi- 


et cosmonauts did not 


land with their ships, 
they were awarded the 
honor.—S. F 
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required cosmonauts. 
to eject from the plum- 
meting craft 4.5 miles 
above the ground, 
when the ship had 
slowed to about 500 
feet per second. Per- 
haps it was Valentina 
Te reshkova' S ex peri- | 
ence as a skydiver that 
prompted the space 
bureau to choose her 
as the first woman in 
space. 


of the world combined. Still, that | 


number is sure to drop. 

Government-sponsored space 
science missions are the first to 
feel the pinch. “The Russian 
space program is still in a fluid 
state,” says analyst Johnson. 
“Although the major programs 
remain underway, they are be- 
coming increasingly delayed.” 
He cites the recently launched 
Cronos I, designed to observe the 
sun during its 11-уеаг cycle of 
waxing and waning. 

“That particular spacecraft,” 
says Johnson, “was supposed to 
launched several years ago to 
monitor the sun during solar 
maximum. Unfortunately, delays 
put it in the cycle where we're 
rapidly approaching solar mini- 
mum. If they're very lucky, the 
craft might last until the next 
maximum to do what it’s de- 
signed to do. But it’s a long shot.” 

Plans to send a probe to Mars 
have also been delayed. Mars 
94—originally Mars 88, Mars 


The first woman 


in space used 


her skydiving 


skills to return 


to earth. 
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Premeditated 
goofiness: 


Frenchman 


Jean-Loup Chre- © 


tien (far right) 
shocked his 


comrades dur- 


ing the Salyut 7 


mission. 


90, and then Mars 92—has been 
rescheduled for 1996, casting an 
ill light on Russia’s ability to de- 
liver the goods on time. The Eu- 
ropean space community, which 
developed many of the experi- 
ments and instruments for the 
mission, is especially annoyed. 
Follow-up probe Mars 96, which 
would put a balloon in the plan- 
ets atmosphere and a rover on 
the surface, has been resched- 
uled for 1998. 

And it appears that Russian 
rocket manufacturers can't even 
deliver on time for their govern- 
ments own space efforts. Last 
year, a manufacturer failed to 
deliver motors for a Soyuz rock- 
et, leaving three cosmonauts 
marooned aboard Mir two 
months longer than planned. 

Despite the delays and prob- 
lems that abound in the newly 
formed country’s space explo- 
ration projects, the future looks 


bright for the manufacturers of 
Russian space hardware. “It’s 
very hard to conceive of the en- 
tire Russian space program 
falling apart,” says Johnson. 
“Their need for communications 
satellites, defense satellites, and 
navigation satellites is very, very 
strong. And all of those pro- 
grams, by and large, are being 


maintained at their former oper- 


ational levels.” 

Also on Russia's side: reduced 
launch costs. Expenses are 
much lower," notes Johnson. "On 
top of that, all the research and 
development has already been 
done, and their launch vehicles 
are in mass production." 

"Things are beginning to calm 
down," says physicist Roald 
sagdeev. “The Russians accept 
that the size of their space pro- 
gram is shrinking, and they are 
trying to define what could con- 
stitute the survival minimum. 


STRANGE EREW 


Throughout its long 
space station mis- 
sions, the Soviet 
Union has hosted 
visitors from many 
nations, including 
Mongolia, Vietnam, 
Cuba, and Japan. But 
so infectious was the 
joie de vivre of 
Frenchman Jean- 
Loup Chretien that 
he was the only 
guest cosmonaut in- 
vited aboard both 
Salyut 7 and Mir. 
Chretien delighted 
in the kind of tom- 
foolery that spiced 
the humdrum of dai- 


ly routine. Anatoly 
Berezovy, a cosmo- 
naut aboard Sa/yut 7 
for seven months in 
1982, recalls in his 
journal a prank Chre- 
tien played during 
his eight-day stay: 
“He brought a mon- 
ster mask, and yes- 
terday when | was 
working, | went be- 
hind a panel and this 
shaggy, horrible face 
came out of the sci- 
entific equipment 
compartment. | was 
startled and 
screamed.” 

During his Mir 
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flight, Chretien 
brought his own cui- 
sine and played 
chef/waiter for the 
crew. Cosmonauts 
feasted on delicacies, 
including compote of 
pigeon with dates 
and dried raisins, 
duck with artichokes, 
oxtail fondue with 
tomatoes and pick- 
les, beef bour- 
guignonne, sautéed 
veal marengo, ham 
and fruit patés, 
cheeses, nuts, and 
chocolate bars. 
Meals were accom- 
panied by music 
from a hand-cranked 
organ Chretien 
brought along to pro- 
vide the right atmo- 
sphere. His only re- 
gret: that wine could 
not be served with 
his national cuisine. 
“The food was OK, 
but a little heavy for 
space,” recalls 
Sergei Kirkalev, who 
spent 25 days with 
the Frenchman. “It 
was good to get back 
to plain black bread 
after he left.” — S. Е 
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They realize they have only a 
few assets to bring to the mar- 
ketplace, and space technology 
is one big asset.” 


he Russians are already 
Т to market their 

space technology. Their 
sturdy launch vehicles, the envy 
of the world, have caught the 
eye of several American rocket 
manufacturers. Martin Mariet- 
ta, for example, is proposing a 
new launch vehicle that uses the 
first stage of the massive Rus- 
sian Zenith rocket to put a 
20,000-pound payload into near 
Earth-orbit. Aerojet Aerospace, 
another rocket manufacturer, 
recently imported a heavy-duty 
Russian NK-33 engine for in- 
spection as a possible replace- 
ment for the lower-thrust, less- 
efficient American engines in its 
Delta and Atlas launchers. 

The recent fusion between a 
branch of U.S.-based Lockheed 
Aerospace and two Russian 
rocket manufacturers, Khrun- 
ichev State Research and NBO 
Energia, has given birth to an 
entity with powerful commercial 
potential. Lockheed-Khrun- 
ichev-Energia International’s 
(LKEI) sole commodity is the 
Proton launch vehicle, the most 
reliable rocket ever to fly. The 
fledgling effort already has cap- 
tured $600 million worth of ac- 
counts with satellite-makers 
such as Hughes Aerospace, Mar- 
tin Marietta, and Loral. And 
nearly one-third of Motorola’s 
66-satellite Iridium system, de- 
signed to provide global wireless 
telecommunications services, 
will head into space aboard 
LKETs Proton rocket. 

LKEI president Charles Lloyd 
is optimistic about the future but 
is also cautious. *Proton has not 
yet launched a Western-manu- 
factured satellite,” he warns. 
"There are some technical chal- 
lenges ahead. The engineering 
methods are somewhat different 
in Russia. But I dont see any- 
thing that can't be overcome." 

The Russians remain free to 
pursue their own sales efforts, 
and the Khrunichev bureau has 
already scored two solo hits: one 
launch with Inmarsat, a 67-na- 
tion telecommunications consor- 
tium, and another with a Euro- 
pean satellite television 
company. Other Russian space 
technology companies are forg- 
ing bonds with the West: Satel- 
lite-maker Loral wants light- 
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weight thrusters made by the 
Russians, and Rimsat, an Атег- 
ican telecommunications compa- 
ny, wants to buy Russian satel- 
lites. Boeing Aerospace was so 
pleased with the service and re- 
sults of a recent crystal-growing 
experiment on Mir that it is 
planning to purchase more time 
on the space station. 

Joint ventures involving sci- 
entific satellites also seem 
promising. While the Russians 
forté 18 launch vehicles, the sen- 
sors and scientific hardware in 
their satellites lack finesse: “Оп 
the average," says Johnson, 
"Russian scientific gear 1s about 
ten years behind the West." 

А recent effort between the 
U.S. and Russia blends the 
strengths of both countries: А 
Russian polar-orbiting satellite, 
fitted with state-of-the-art 
American hardware, successful- 
ly mapped ozone depletion in 
Antarctica. In the same spirit, 
the Americans would like to pig- 
gyback a small rover on Russia's 
Mars '96 flight. The Russians 
have made room and have ac- 
cepted an American manipula- 
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tor arm and computer for their 
own rover. 

NASA seems eager to join 
hands with the Russians. This 
March, a NASA delegation visit- 
ed Russia to discuss joint mis- 
sions to explore the solar sys- 
tem. "We're looking at how we 
can initiate cooperative activi- 
ties," says NASA's Bill Piotows- 
ki. “We're looking at the mis- 
sions both countries are 
planning and asking if there are 
some things we can do together." 

The visit yielded ideas for an 
exciting pair of missions, tenta- 
tively named Fire and Ice. Ice 
calls for a Russian Proton 
launch vehicle to hoist an Amer- 
ican spacecraft on its way to 
Pluto. А small Russian probe 
would deploy from the craft in 
the vicinity of the ninth planet 
to determine its chemical com- 
position and landforms. 

The Fire mission would send a 
satellite hurtling into the sun. 
Like Ice, a Russian booster 
would propel an American 
spacecraft into orbit inside Mer- 
cury, and a small Russian probe 
would drop into the sun. "No 
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spacecraft has gone that close 
before,” says Piotowski. “It 
would gather measurements of 
the sun’s magnetic field, the 
particle environment, solar 
flares, all of the phenomena as- 
sociated with the sun.” 

The Soviet Union's estrange- 
ment from the West has been a 
defining feature of the 20th cen- 
tury Russia and America now 
stand at a brink where they can 
use their space programs to 
forge a new form of cooperation. 
"The 21st century is undoubted- 
ly going to be better than the 
20th, simply because Moscow 
has moved out of the problem 
column and into the solution 
column," says John Pike. *Coop- 
eration in space can serve as a 
pathfinder to define all of the 
different institutional, organiza- 
tional, cultural, and psychologi- 
cal differences and comple- 
ments that would exist in all 
partnerships between Russia 
and the West. That kind of rea- 
son alone makes me optimistic 
that, no matter what problems 
come up, well be able to deal 
with them." 35 


The Buran 
space shuttle 
flew only once 
into space, on 
autamatic pilot. 
It now sits in 
the farmer 
Gorky Park in 
Moscow as a 
tourist attrac- 
tion and conces- 


sion stand. 
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Computer Czar 
[Continued from page 61] 


brus-2 and its software dried up, Baba- 
ian found himself short of both funds 
and equipment. Work on the next-gen- 
eration supercomputer, Elbrus-3, sim- 
ply stopped. The inroads of galloping in- 
flation meant that many computer 
scientists, who were earning the equiv- 
alent of perhaps 15 or 20 dollars a 
month, could not afford to stay with 
their jobs. 

“Two or three years ago,” Babaian 
told me, “there were something like 
2,500 people in my division of the Insti- 
tute, and now there are something like 
1,000. The others were not fired. They 
left for better-paying jobs, changed pro- 
fessions. One man, a good programmer, 
left to program sewing machines that 
sew blue jeans together. Another is sell- 
ing cigarettes. And many went to 


banks.” 


о save his enterprise, Babaian 
T turned to the West...to Sun. He is 

now in charge of a hundred or so 
researchers in computer hardware and 
software employed by the Moscow Cen- 
ter of SPARC Technology (some 60 of 
whom also work for the Institute). The 
Center is an independent entity estab- 
lished in the spring of 1992. It is not 
owned by Sun, but it is funded by Sun 
and supplied with hardware—every en- 
gineer has a Sun workstation. 

“If not for this arrangement,” Baba- 
ian says, “in two years’ time our team 
at the Institute would have been de- 
stroyed.” 

“What we do,” says David Ditzel, di- 
rector of Sun’s SPARC Laboratories, 
who sat in on my interview with Baba- 
ian, “is contract with the Moscow Cen- 
ter as a separate firm. We've found that 
to be a very good mechanism for doing 
business in Russia. In some sense, this 
was an export control issue. This has 
been a very special project viewed cau- 
tiously by both governments.” 

What does Sun get out of this ar- 
rangement, and why did the company 
seek to go abroad for computer talent? 

One answer, one that Sun and other 
U.S. companies in similar situations 
would prefer not to emphasize, is the 
ability to obtain very high-quality per- 
formance at minimal cost. Neither 
Babaian nor Sun representatives are 
willing to detail the financial arrange- 
ments. But the salaries of the Moscow 
Center employees, while, undoubtedly, 
considerably less than what such talent 
would cost in the United States, are 
certainly far more than the typical Rus- 
sian salary. 

“I can tell you,” says Babaian, “that 
the people working with the Sun 
Moscow Center feel themselves quite 
well-off in our country.” 

Just what is Sun buying? Russian 
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computer software designers are ех- 
tremely adept at microprocessor archi- 
tecture and basic algorithms. This Rus- 
sian capability is in some respects more 
advanced than that of their Western 
counterparts, ironically because of the 
Russians’ need to surmount the limita- 
tions of relatively less developed hard- 
ware, especially chip technology. 

“We have a very difficult situation,” 
says Babaian, “because our chip tech- 
nology is very bad, totally noncompeti- 
tive. Until a few years ago, all of our 
production was used inside the Soviet 
Union, where it didn't have to face any 
competition. But with the change to a 
market economy, we had no chance. 
One of the main drawbacks of our pre- 
vious history was that we tried to work 
in isolation. Nevertheless, many activi- 
ties are continuing in my country.” 

Babaian cited the work of the Para- 
graph International team, founded by 
Stepan Pachikov, which developed the 
cursive handwriting recognition soft- 
ware that is used in Apple’s Newton 
(first of a new generation of hand-held 
“personal digital assistants”). In 1989, 
Pachikov organized a Russian-American 
joint venture company that was self-fi- 
nancing and independent of either gov- 
ernment, visited the United States, and 
signed a licensing agreement with Ap- 
ple. The same team has signed a con- 
tract with Corel Corp. to incorporate its 
optical character-recognition software, 
called Cuneiform (named after the old- 
est known form of writing, current in 
Babylon circa 3,000 B.C.) into Corel- 
Draw, a graphics program. 

For years, Babaian says, there were 
two kinds of computer industries in 
Russia: one that did innovative work on 
its own computer designs, and the other 
that was forced by the government to 
copy Western designs. “But when the 
computers they had copied began to be 
imported at much higher quality, these 
designers were lost; they had lost their 
ability to innovate.” 

Babaian’s past efforts were concen- 
trated on high-performance computing, 
a continuation of the push to develop 
electronic digital computers begun just 
after World War II in Kiev by Sergei 
Lebedev, who founded Babaian’s Insti- 
tute. By the early 1980s, this effort had 
succeeded in producing machines capa- 
ble of meeting the heavy computational 
demands of the Soviet space and 
weapons programs, although much of 
Soviet science had to rely on less than 
state-of-the-art systems, including 
copies of IBM mainframes and the 
workhorse Russian BESM-6 model, de- 
veloped in the mid-1960s. That ma- 
chine was rated at one mips (million in- 
structions per second), close to global 
state of the art when it was introduced. 
* AUGUST 
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But by 1991, high-level Soviet comput- 
ers were lagging far behind those de- 
signed by Cray Research in the United 
States. The Elbrus-2, designed by 
Babaian’s team and introduced in 1985, 
had a shared-memory multiprocessor 
architecture and was rated at 94 
megaflops. (Supercomputers are gener- 
ally rated in floating point operations 
per second—or flops—not instructions 
per second, because one instruction can 
result in as many as 64 operations, or 
calculations.) But in 1992, with the in- 
flux of more powerful computers from 
abroad, the production of the Elbrus-2 
was dropped. 

“When we started this project,” says 
Ditzel, “you needed an export license to . 
ship any computer faster than 12.5 mil- 
lion operations per second. That ruled 
out some Macintoshes, Pentium PCs, 
lots of PCs. So a lot of irrational things 
were going on. At the same time the 
regulations were hurting American 
companies, the Russians were import- 
ing computers with exactly the same 
performance from Taiwan or Korea and 
other places. So we weren't stemming 
the flow of sensitive technology at all. I 
think that’s why the U.S government fi- 
nally revised the export regulations. 

“Now the limit is 1,000 million opera- 
tions per second. You can export freely 
up to that level, and for anything be- 
yond you just need an export license. So 
you could export a Cray to Russia if you 
obtained the license.” Sun Micro- 
systems has shipped more than 1,000 
SPARC-based workstations to the for- 
mer republics of the Soviet Union. 


abaian’s designs for computer ar- 
chitecture have always relied 


heavily on parallel processing: us- 
ing multiple processors to attack differ- 
ent tasks simultaneously, rather than 
processing one task at a time and then 
forwarding the result through a 
straight-line sequence of operations, 
the latter an architecture called serial, 
or von Neumann, after the great Ger- 
man-American computer genius. When 
I asked Babaian about this, he was dis- 
missive: “I do not like this von Neu- 
mann or not von Neumann usage. Dif- 
ferent people assign different meanings 
to these words. Let’s just say that the 
Elbrus computers are to a preat degree 
parallel, especially Elbrus-3. It has 
parallelism at the processor level, and 
inside the processor at the instruction- 
al level.” 

When Babaian and some of his col- 
leagues received the Lenin Prize from 
Mikhail Gorbachev for having produced 
the first Soviet supercomputer, the El- 
brus-2, the accolades generated some 
acrimony inside certain quarters of the 
scientific establishment, who believed 


that Gorbachev had been hoodwinked. 
When I asked Babaian about this, he 
shrugged and said: “First of all, there is 
really no definition of what a supercom- 
puter is, just that it is the most power- 
ful at the time. And it is absolutely true 
that the most powerful computer in 
Russia is the Elbrus. Maybe it’s not a 
real supercomputer, just our fastest. It’s 
not really necessary to decide.” 


working on Elbrus-3, a prototype 

of a shared-memory machine with 
16 processors that would have a theo- 
retical peak performance of almost nine 
gigaflops, ten times that of Elbrus-2. 


B» and his team are now 


"The big difference between this ma- 
chine and those in the West," says | 
Babaian, "is that we are using chips | 


with a thousand gates per chip, and 
Western chip technology has achieved 
more than a million gates per chip. This 
is a big handicap." 

Ditzel adds, “The fact that Babaian 
has been able to achieve a theoretical 
performance better than some of Cray’s 
current machines with technology that 
far behind is a great tribute to the intel- 
lectual power behind these computers’ 
architecture.” 

Babaian explains that one source of 
this high speed is the logical organiza- 
tion of the computer, which takes full 
advantage of the parallelism existing in 
algorithms—the instructions the com- 
puter must follow. Simultaneously, his 
team has developed matching software 
technology. Doing these two things to- 
gether is the key, he says. 

“The project Sun is doing jointly 
with Babaian and his team is to figure 
out how to apply to Sun’s SPARC ar- 
chitecture these techniques that have 
been learned independently. The aim 
is to build a kind of supercomputer-in- 
fluenced microprocessor to make 
SPARC programs run very fast. They 
are generating the logical techniques, 
and Sun is supplying the team to do 
the physical implementation in VLSI 
[Very Large Scale Integration] chip 
technology. Boris is helping us under- 
stand what to build and how to exploit 
more parallelism, and then we're com- 
bining that with our expertise in im- 
plementing the concept in hardware 
expeditiously. 

"The result of this collaboration could 
be Sun workstations ten times more 
powerful than the workstations that we 
are shipping today." 

Babaian concluded confidently: 
“There is no question that the computer 
sector in Russia will definitely be 
restarted—but only on the basis of in- 
ternational cooperation. It is good that 
such cooperation is also in the interests 
of the United States.” PE 
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Have you asked for a Jack Daniel's lately? If not, we hope you will sometime soon. 


SCIENTISTS USED TO SAY you couldn't 


make charcoal ín the open ай. Lucky we never 
heard them. 


We've been making charcoal to mellow our 
‘Tennessee Whiskey since 1866. The secret is 
using hard maple wood, and just the right touch 
with a hose. Instead of ash, like the 
scientists said we would get, our 

rickers get charcoal every time. Men | 
from up at the university have been FS 
impressed by our methods. Though „7 
a sip of Jack Daniel’s, we believe, 

is all the research they ever needed. 


SMOOTH SLPPIIN" 
TENNESSEE WHISKEY 
Tennessee Whiskey * 40-43% alcohol by volume (80-86 proof) * Distilled and Bottled by 


Jack Daniel Distillery, Lem Motlow, Proprietor, Route 1, Lynchburg (Pop 361), Tennessee 37352 
Placed in the National Register of Historic Places by the United States Government. 
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Russia was always able to catch up 
with the latest technological achieve- 
ments, but they never reached people’s 
homes. Now that the free market has 
arrived with a bang, that has not 
changed for the better. In fact, it is get- 
ting worse. Goods are coming, but not 
from Russian factories. 

At the end of March 1994, the Rus- 
sian State Statistics Committee re- 
leased production figures covering the 
two previous months. Compared to 
1993, 54 percent fewer vacuum clean- 
ers had been manufactured; 42 percent 
fewer washing machines; and 25 per- 
cent fewer tape recorders. 

It is hard to say how accurate these 
fragmentary statistics might be. During 
75 years under communism, the Soviets 
developed great skill in fooling them- 
selves with an abundance of goods on pa- 
per, while store shelves remained empty. 

Over the years, Russians did manage 
to produce large numbers of two major 
appliances: refrigerators and televisions. 

Thanks to the climate, Russians in ru- 
ral areas still use the most reliable and 
environmentally correct ways to store 
food. In the winter, they stick bags out of 
the window. In a small city in Russia, 
one can see these food bags hanging 
from every apartment window. In the 
summer, food is stored in a special cellar. 

But in large cities, most residents 
have refrigerators. The most popular 
brand is the Morozko, or “Father 
Frost,” named after a Santa Claus-like 
character from a fairy tale. Because an 
average Russian apartment is so small, 
the refrigerator is just about big enough 
to accommodate a bottle of vodka or 
buttermilk, a piece of sausage, and a 
pot of borsht. Forget about ice-makers 
and self-defrosting. 


Te real problem for the Russian 


economy now is that domestically 

manufactured goods are being re- 
placed by foreign ones. These are 
cheaper, more reliable, and nicer to look 
at. It has long been clear that few Rus- 
sian goods can compete on the world 
market. Now it appears that they can’t 
even compete on the domestic market. 
Even Russian-made TVs are being re- 
placed by Korean sets. 

Every Russian household has a TV, 
or “blue box,” sitting in the “red corner” 
(the word “red” in Russian also means 
“beautiful”), the best place in the house. 
Television is more than entertainment 
in Russia. It is a way of life. The TV was 
always the major purchase of the Rus- 
sian family. Money was saved for years 
to buy a better brand. I remember end- 
less kitchen-table discussions over 
which brand was better, *Horizont" or 
"Elektronika," although both were pret- 
ty primitive. 
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There are only four state-owned TV 
channels serving the whole country. A 
lot of independent television companies 
have emerged in recent years, but Rus- 
sian sets can receive only eight chan- 
nels, which makes life difficult for the 
new TV stations. 

But that may change within the next 
five years as foreign models replace 
Russian ones. Korean models are the 
most popular now, but a rich Russian 
will certainly own a Sony Trinitron and 
a Panasonic VCR. 

There is no market for American 
brands, because Russia uses the French 
television transmission standard rather 
than the American system. The Kore- 
ans and Japanese manufacture multi- 
system TVs and VCRs and have taken 
over the Russian market. 


WE very city in the former Soviet 
E Union has an identical building. If 
Г you were suddenly deposited in 
front of one of these buildings, it would 
be impossible to know which city or 
even which republic you were visiting. 
The building occupies the choicest loca- 
tion in the city, on a central square. It is 
a monumental structure of glass and ce- 
ment with a vast entryway, designed to 
make the visitor feel tiny and useless. In 
the middle of the square, amid trees and 
flowers, once sat a statue of Lenin. The 
building is the former regional head- 
quarters of the Communist Party. This 
style is called “Stalin's empire.” It is the 
architecture of totalitarianism. 

Now that the communist empire has 
broken down, these buildings belong to 
city governments. The statue of Lenin 
has probably been knocked down and 
carted away. The line of chauffeured 
limousines in the driveway may have 
thinned out. But the humiliating archi- 
tecture remains. Ї still feel uncomfort- 
able visiting city bureaucrats. 

From the late 1920s to the mid- 
1930s—after the Bolsheviks came to 
power and before Stalin put an end to 
avant-garde experiments—there was a 
burst of “constructivism.” What remain 
are a few buildings in Moscow shaped 
like a ship or a wing. Some ideas of the 
time were to build the Ministry of Agri- 
culture in the shape of a corn cob or the 
Ministry of Metallurgy in the shape of a 
blast furnace. 

One of the more amazing leftovers of 
that era is an apartment building in 
Moscow designed for actors, writers, 
and artists. The apartments were built 
without kitchens. The architects of the 
young republic of socialism, designing a 
new approach to human life, thought 
that creative people should not cook for 
themselves. Each apartment was 


equipped with a dumb waiter connected 


to a restaurant below. Tenants were 
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supposed to send down their orders and 
take direct delivery of tasty meals. It 
never worked. 

Then came Stalin, whose love of enor- 
mous buildings set the style for dictators 
ever after. He built the first skyscrapers 
in Moscow—strange mixtures of Gothic, 
Baroque, and pure Stalin. 

Stalin was obsessed with the idea of 
building the tallest building in the 
world, the “Palace of Soviets,” which 
was to be topped with a giant statue of 
Lenin. You can imagine the size of this 
building: The architect planned to build 
a library inside Lenin’s head. But the 
project was never realized. 

When Khrushchev came to power, he, 
too, entered history with a totally new 
idea for the Soviet construction industry. 
In the beginning of the 1950s, people in 
cities mostly lived in communal apart- 
ments. Old buildings with spacious liv- 
ing quarters were subdivided into as 
many as 20 units per apartment, with 
everyone sharing kitchen and bathroom 
facilities. (The toilets were hardly ever 
usable, because tenants could never 
agree whose turn it was to clean them.) 
People would give anything for the 
right to private space, separate from 
unwanted neighbors. 

Khrushchev ordered a new kind of 
building: five stories, no elevators, 
apartments the size of bird cages. The 
first area where these houses were built 
was the Moscow district called Chere- 
mushki. Every city in Russia has a dis- 
trict of these five-story buildings, offi- 
cially named Cheremushki. But 
residents have another word for these 
districts. The word for slum is trush- 
choba. Russians combine that with the 
name of their benefactor and call the 
buildings khrushchoba. | 

It was a great thing for people to fi- 
nally get some privacy. But there were 
never enough buildings. An apartment 
of your own is still the great Russian 
dream. 


rary Russian architecture, especially 

when building methods are so archa- 
ic. Russian construction is more like tai- 
loring than fitting puzzle pieces: This 
panel is too large, so we should cut it. 
That wall is too low, let’s add some 
bricks. As soon as Russians move into a 
new apartment, they begin replacing ev- 
erything—the wallpaper because it is 
ugly, the toilet because it doesn’t work. 

A common landmark in Russia is the 
unfinished construction project. The So- 
viet Union was a country of campaigns. 
Russians love to start big things—the 
biggest power station, the biggest nu- 
clear plant, the biggest canal. What 
they do not like to do is finish. Thou- 
sands of half-built houses, factories, 


I is hard to identify any contempo- 
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, Amazing new technology teaches you foreign 
languages, reprograms your mind for success 
& launches you into virtual fantasy experiences 


THE FIRST TIME I 
plugged my mind 
into the Learning 
Machine" I was 
reminded of the '50s 
sci-fi classic Forbidden Planet. If 
you've never seen the movie, an astro- 
naut on the planet Krell discovers an 
incredible learning technology — a hel- 
met hooked up to a super sophisticated 
computer that downloads knowledge 
» directly onto your brain cells. Impos- 
sible? Maybe not. 

A revolutionary breakthrough, the 
Learning Machine stimulates your 
mind and opens your learning centers. 
Like magic it pours in new information 
and skills. And it’s super entertaining. 

Plug Your Mind into 

+ Supersonic Learning Power 
Let's say you want to learn a foreign 
language, quadruple your reading 
speed, or increase your math skills. Or 
give your children a powerful edge in 
school, learning 30095-50055 faster than 
their peers. 

You select à specially programmed 
Learning Disc" in the area you want to 
study. Plug it into any ordinary CD 

, player. Then attach your Learning 
Machine digital headset into the head- 
phone jack. Push play and a few 
moments later your mind is launched 
into a pre-programmed learn- 
ing session. In a fun, almost 
effortless way, the 
Learning Disc lesson 
plan unfolds its pro- 
gram and transfers the 
knowledge into your 
mind. 


Leam foreign languages at lightning 
speed. Plug your mind into Basic 
French, Spanish, German, and Italian. 
(4 CDs—$200 Value FREE) 
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Accelerated Interactive 
Language гоне" Library 
($200 Value) 4 language training 
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Amazing Light-Sound Matrix 
Stimulates Your Mind 
How does it work? A digital pos 
embedded in the CD, called a Learning 


Matrix™ sends a combination of light 


and sound instructions through the 
Learning Machine digital headset to 
stimulate the optimum mind-state for 
learning. 

During your learning session you'll 
be asked to listen to audio instructions 
while you review written materials. 
While this information is still fresh in 
your mind, the narrator 
instructs you to lower 
your Light 
Pulse Shield, 
and the 
Learning 
Disc fires an 
amazing 
light-sound 
matrix that 
instantly relaxes 
you. This highly relaxed mind-state 
helps lock the new information into 
your memory. 


Learn Foreign Languages, 
Speed Reading, and More 
Learning foreign languages, or any- 
thing for that matter, at rocket speed 

can be very empowering. 
And I'm going to include a 
ton of valuable Learning 
Disc software with your 
Learning Machine so you can 
get immediate results from this 
new technology. You'll receive 
4 basic language courses — 
French, German, Spanish, and 
Italian. A Super Vocabulary 
course, a Super Memory course, 
and a Speed Reading course. And for 
your kids, a SuperPhonics™ reading 
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Amazing digital headset stimulates your mind and opens your learning centers. 
Like magic it pours in new information and skills in a fun, effortless way. 


program. Over $200 
enhance worth of Learning 
deal of the century. 
But I also want to 
show off its other 
amazing powers. 


3-D Mind Sync Induces 
Virtual Fantasy Experiences 
So I'll include the 3-D Mind Sync» 
Library, with 10 whole brain synchro- 
nization programs on 3 CDs, to turn 
your Learning Machine into a medita- 
tion, self-hypnosis, and virtual fantasy 
computer. You'll receive the following 
titles; Creativity Booster, Quick Energy, 
Stress Zapper, Brain Tune-Up, Virtual 
Visualization, Imagination Stimulator, 
Learning Accelerator, Super Intuition, 
Lucid Dreaming, and Super Zen States. 

A $150 value, this extensive collec- 
tion is a super added bonus. But what's 
even more exciting is how this same 
machine can be used for habit control, 
success conditioning, and eliminating 
self-defeating attitudes. 


Zap Your Mind with Success 
Let's say you want to transform a loser 
mind-set into a winning one. Or you'd 
like to quit smoking or lose weight. Pop 
in an InnerMind™ Programming Disc. 
The light-sound matrix opens a win- 
dow into your unconscious mind. 

Then by infusing your “inner mind” 
with positive programming, you can 
rescript negative, self-defeating behav- 
ior. l'm including 18 awesome 
InnerMind programs. From success 
conditioning to weight control this is 
another $150 value. 


$200 Instant Rebate 
Plus in addition to the 
Language Library, the 
SuperPhonics, Super 
Speed Reading, Super 
Memory, and Super 
Vocabulary programs, 
the Mind Syne Library, 


intuition with 10 
mind expansio 
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18 titles erase fear and 
condition your mind for success. 
(3 CDs—$150 Value FREE) 


and the InnerMind Program- 
ming Library (a $600 com- a8 
bined value), I’m offering 
you a $200 instant rebate off 
the list price. I figure you'll 
be so impressed, vou'll use | 
the extra $200 to buy more | 
Learning Discs. 

The list price for 
the Learning Mach- 
ine is $499.95. But 
you can have it for 
$299,95 plus ship- 
ping. Remember, in 
addition to the $200 rebate, I'm includ- 
ing hundreds of dollars worth of free 
Learning Discs, making this an incredi- 
ble offer. 


30-Day Risk Free Trial 
Try the Learning Machine risk free for 
30 days. Sample 4 
languages, triple 
your reading speed, 
boost your vocabu- 
lary, improve your 
memory, and repro- 


Super Speed Reading, 
Super Memory, Super 
Vocabulary, and 
SuperPhonics (for kids K-6) 
demonstrate the Leaming 
Machine's awesome power. 
{1 CO—$59 Value FREE) 
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imagine what you 
can do during the 
second month! But 
hurry. This is a lim- 
ited introductory offer, so 
Learning Machine now. 
To order, call toll free or send your 
check or money order for $299.95 plus 
$12 shipping & handling to the address 
below. Allow 4-6 weeks for delivery. 


Learning Machine Special Offer 
Item #4501 ................5299.95 [12.00] 
Need a CD Player? We have an 
excellent portable — at a great price! 
Portable Kenwood CD Player 
Item #91021 ...............5129.95 [9.00] 


FOR FASTEST SERVICE ORDER TOLL FREE 


1-800-925-3263 
ZYGON 


18368 Redmond Way, Redmond, WA 98052 
For information please call (206) 885-9200 
Fax orders to (206) 882-1454 
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kindergartens, restaurants, and schools 
are scattered from Kamchatka to Kalin- 
ingrad. Maybe these ugly, rusted skele- 
tons are the ultimate expression of 
modern Russian architecture. 

But there are some encouraging 
signs, particularly in big cities. Moscow 
now has a new office building on Tver- 
skaya Street, next to Red Square. Al- 
though the building is ordinary by 
Western standards, in Moscow its tint- 
ed windows and clean lines are eye- 
catching. It has the most expensive of- 
fice space in the city. 

Village architecture is something al- 
together different, of course. Many of 
the wooden houses have a certain 
charm, but the clearest symbol of rural 
life is the ever-present outhouse. 

Russians like to quote their great 
19th century writer, Nikolay Gogol: 
“There is not a Russian who does not 
like a fast ride.” Gogol was referring to 
horses, but no matter. Russians love 
fast, reckless driving, whatever the con- 
veyance. 

The same author has another saying 
that is not quoted so often: “There are 
only two things that could destroy Rus- 
sia: fools and the lack of roads.” 


ransportation in Russia is a night- 
T» There is no infrastructure 
| for traveling, although the whole 
country has been in constant movement 
from one place to the other. Stalin not 
only split up families, he even shuffled 
whole nations. He moved millions of 
Crimean Tartars to Uzbekistan and 
Volga Germans to Kazakhstan. 

If you are driving a car, there will be 
no Roy Rogers or McDonald's on the 
road. Gas pumps to fill your car will be 
extremely rare. Do not dream about 
motels or campsites, AAA or emergency 
road calls—such things do not exist. 
Freeways and highways are foreign 
words that make no sense at all in the 
Russian language. Roads are undivid- 
ed—one of the most common kinds of 
accident is a head-on collision. Holes 
and bumps are so common that drivers 
do not consider them obstacles. As long 
as there is any pavement at all, they 
will keep driving. Many villages are ac- 
cessible only by tractors in the spring, 
when everything is drowning in mud. 

Russians do not travel far by car. Gaso- 
line costs about $2.50 per gallon, and 
road trips have become even more dan- 
gerous with the appearance of car-jack- 
ers who steal cars and leave the owners 
on the road. Trucks unguarded by 
armed escorts are often robbed. Recent- 
ly, the Ministry of Internal Affairs is- 
sued an order telling drivers not to stop 
even for uniformed officers, unless they 
are stationed at a roadside police kiosk. 
The men in uniform could be robbers. 
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Trains are slow and dirty. Beware of 
romantic stories about the Trans- 
Siberian Railway or other long train ex- 
cursions. It takes two weeks to cross 
the country from west to east. А sepa- 
rate compartment is absolutely neces- 
sary; otherwise you will be stuffed into 
a car with 80 people (and two un- 
cleaned toilets). 

The best transportation in Russia is 
by plane. I can testify to this because I 
worked as a reporter for a daily news- 
paper for 12 years and had to travel for 
nine months of the year. 

Despite plenty of horror stories, 
Aeroflot has not made the Guinness 
Book of World Records in catastrophes. 

If a flight is longer than three hours, 
the passenger receives a cup of liquid 
remotely resembling coffee and some 
boiled chicken—hence the nickname 
"chicken Aeroflot." This is the only ser- 
vice available. 

Now some private competitors are 
appearing. The cost of tickets for these 
"commercial flights" is unbelievably 
high. But a passenger who wants to do 
so can get loaded on vodka, and the 
flight attendants sometimes smile at 
passengers instead of yelling at them. 

The worst thing about Aeroflot is not 
the flight but the check-in. One has to 
stand in line for hours to buy tickets, 
because there are no travel agencies 
and tickets are not delivered. After your 
ticket is checked, you are herded into a 
minuscule room called an “accumula- 
tor,” to await boarding. I have seen el- 
derly people faint in these rooms in the 
summer. 

Many Russians are afraid of flying 
and prefer trains. Others joke about 
that, saying traveling by train can be 
almost as dangerous—after all, a plane 
could always fall on top of the train. 

goes, paid a visit to an automobile 


Ac: in Moscow. He was being 
shown the production line when sud- 
denly he began to cry. "What's the mat- 
ter?” asked the manager. “I was just 
taken back to my childhood," Ford 
replied. 

It is impossible to fit antipollution de- 
vices on vehicles driven in Russia: The 
quality of the gasoline is so bad that the 
fuel would destroy the catalytic con- 
verters. In the summer, it is hard to 
breathe in heavy traffic. 

Forget about power windows, power 
steering, antilock brakes, air bags, air 
conditioning, on-board computers, sun- 
roofs, convertible tops. They are not 
part of Russian cars. Automobiles are 
just vehicles, a means of transporta- 
tion. But a car is still the ultimate pos- 
session for a Russian. 

Russian factories produce three types 


n elderly Henry Ford, the story 
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of cars for the public. The Moskvich is 
made in Moscow by the Lenin Commu- 
nist Youth Factory (it is still called 
that). The quality of this car is de- 
scribed in a joke: What do the Moskvich 
and a pregnant teenager have in com- 
mon? Answer—both are an embarrass- 
ment to the family. 

One has to be really handy to keep 
this car going. Spare parts are in short 
supply and very expensive. In fact, ev- 
ery Russian who owns a car must have 
a good knowledge of automobile me- 
chanics. That is why so many Russian 
immigrants work in body shops in the 
United States. 


factory from the Italian automobile 

giant Fiat and placed it in a new 
town on the Volga River. The 1968 Fiat 
was renamed Lada and became the ma- 
jor mode of transportation in the coun- 
try. There is a story that Prime Minister 
Aleksey Kosygin once visited the Lada 
factory and fell in love with the car. He 
immediately called the management to- 
gether and told them: "All of you will be 
fired on the spot if you try to improve 
any part of this car Legend or truth, 
the Lada has not changed much since. 

The advantage to the Lada is that 
many parts for it are manufactured in 
Europe, so it is fairly reliable. And even 
though the design is old, it is still Ital- 
ian. The Lada is even exported to some 
European and Middle Eastern coun- 
tries. Special firms remodel it according 
to Western standards and then sell it. 
The Lada is probably the cheapest car 
in its class in the world, so there is a 
ready market for it. 

The third Russian brand is Volga, 
made by a huge military factory in the 
city of Nizhny Novgorod (formerly 
Gorky) on the Volga River. This is a big- 
ger car and is the favorite of top bureau- 
crats. It is also used as a taxi. The Volga 
was for many years the symbol of pros- 
perity and prestige in Soviet society. 

Not anymore. Now one can see many 
foreign cars braving the potholed 
Moscow streets. Newly rich Russians 
prefer Mercedes, Volvo, BMW, or Lin- 
coln models. The rest of the population 
is catching on that a Western clunker is 
better than a brand-new Russian car. 
In the last few years, Russia has be- 
come one of the major used-car markets 
in Europe. 

Old people in Russia will never learn 
WordPerfect, use an electric blanket, 
make bread in a bread-making ma- 
chine, or leave a message on an answer- 
ing machine. But new generations are 
learning. I watched a six-year-old boy 
teach his dad how to play Super Mario 
Brothers-2 on a Game Boy. 

His father was trying hard. 


[i 1968, the Soviet Union bought a 
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Union's center for growing cotton, a no- 
toriously thirsty crop. Today, the sea is 
only a third of its former size. There are 
no more fish. Trawlers lie rotting miles 
from the sea. 

This was no accident. А former presi- 
dent of the Academy of Sciences of 
Turkmenistan, quoted by Soviet au- 
thors, said: “I belong to those scientists 
who consider that drying up the Aral 
Sea is far more advantageous than pre- 
serving it.” He assumed that a crust 
would form on the dry seabed, which 
could then be farmed. But he was wrong. 

Instead, the fierce Central Asian 
winds whip up a deadly harvest of salt 
and pesticide residues from the dry 
seabed—an estimated 75 million metric 
tons of it a year—that destroys soils, 
blankets vegetation, and, it is increas- 
ingly clear, kills many inhabitants of 
the newly independent republics of 
Kazakhstan and Uzbekistan. There are 
epidemics of anemia and throat cancer. 
Infant mortality is soaring. 

“Commissar Cotton" has created a 
human and ecological catastrophe here 
with few parallels anywhere in the 
world. In 1990, the director of the Sovi- 
et Institute of Geography in Moscow 
predicted that the crisis was “so serious 
that...only a short time remains before 
life and work in the region become im- 
possible.” 

Plans to divert Siberian rivers south 
to replenish the Aral Sea have been 


proposed and dropped many times Бу 


Soviet scientists. Earlier this year, the 
nations of the Aral region signed an ac- 
cord aimed at preventing the sea from 
shrinking further. The United Nations 
has drawn up a scheme for saving wa- 
ter on farms. But it will cost money. 
And that is the story for many of Rus- 
sia's environmental problems, says 
Zabelin. ^We had an illusion that con- 
version [to a cleaner environment] 
didnt mean big money—that once the 
communists were gone, it would all be 
better. But it does require big money, 
not just in cleanup technologies, but in 
replacing old production equipment." 


abelin left the Yeltsin administra- 
tion last September to return to 
full-time work for the Socio-Ecologi- 
cal Union, which now has 150 local 
branches. "All activity in the administra- 
tion today is led by peoples' selfish inter- 
ests. It is useless to stay. It is more im- 
portant to develop a grass-roots 
movement," he says. 

He fears that a humbled nation, with 
its naive hopes for the fruits of democ- 
racy dashed, will turn to extremes. 
"Some people want order and protec- 
tion, to restore their motherland," he 
says. That could bring to power the neo- 
fascist leader Vladimir Zhirinovsky. 


Though Zhirinovsky has no published 
policies on the environment, his sup- 
porters already have control of the two 
parliamentary committees concerned 
with the environment and natural re- 
sources, says Zabelin. The environment 
committee is chaired by Mikhail Leme- 
shev, a Russian environmentalist who 
in 1991 published Bureaucrats in Pow- 
er: Ecological Collapse, a detailed ex- 
amination of the inefficiencies of Soviet 
centralized decision-making. 

Zabelin, a political opponent of Leme- 


shev, nonetheless says that Lemeshev 
“will push the green idea." But just as 
likely as an elected right-wing govern- 
ment is a military coup, Zabelin predicts. 
"lm afraid we will have a military 
regime in the near future," he says. 
"Maybe that would be better for the en- 
vironment than the chaos now." 

Stalin's “iron brotherhood” may be 
gone. An enfeebled state may no longer 
be able to dress Siberia in cement armor. 
But the environmental future of the 
largest country still looks grim. 
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How the Soviets Got the Bomb | i 


[Continued from page 31] 


is today called "the physics of safety.") 

Kurchatov and Khariton worked 
powerfully in tandem. They were not 
simply scientific leaders, but also physi- 
cal protectors of their subordinates, 
with the ability to intervene and negoti- 
ate even with Beria. This protection 
was very important in the post-war at- 
mosphere of growing repression and 
ideological pogroms against intellectu- 
als during what was known as the 
"struggle against cosmopolitanism" 
—that is, Western bourgeois influences. 


"a Fntil the first Soviet test explosion 
in 1949, Beria kept a shadow 


group of scientists and engineers 
ready with a contingency plan behind 
the scenes, just in case the first team 
failed. The second group's very presence 
constituted a kind of sword of Damocles 
poised over the heads of the Kurchatov- 
Khariton team. The 1949 test was thus 
awaited with a mixture of hope and 
desperation by both groups. The Soviet 
fission nuclear bomb, called Joe 1, ex- 
ploded successfully in August 1949 at 
the Semipalatinsk test site, about 1,800 
miles southeast of Moscow and about 
300 miles from the Mongolian border, in 
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what is now independent Kazakhstan. 

For this Arzamas-designed Soviet fis- 
sion bomb, the Russians followed the 
guidelines of the original American plu- 
tonium bomb as closely as they could on 
the basis of intelligence reports. Called 
Fat Man, that bomb was dropped on 
Nagasaki, Japan, on August 9, 1945, 
with a yield of 22,000 tons of TNT. It 
used a plutonium core surrounded by 
explosives that imploded, compressing 
the core and creating a fission reaction. 

This first Soviet bomb was thus es- 
sentially an imitation design, based on 
pilfered documents gained via espi- 
onage. Nevertheless, tremendous effort 
was required from leading scientists 
(and from industry) to bring it to 
fruition in a successful device. This du- 
al origin of the Soviet bomb has fueled a 
violent controversy between the scien- 
tific and intelligence communities over 
their relative contributions to the nu- 
clear program. 


gence community played a major 

role in the Soviet bomb program, 
much of which is now coming to light. 
The Russians recently opened part of 
their files on early nuclear espionage 
activities in the United States. The 
KGB, which had been deeply involved 
in efforts to steal American secrets, felt 
that in the aftermath of the Cold War 
its contribution had not been appreciat- 
ed enough. 

Recent interviews given by a number 
of former intelligence officers such as 
Col. Anatoly Iatskov, the former chief So- 
viet spy in New York in the 1940s, re- 
vealed that frustration. For example, 
Iatskov complained that for his priceless 
service to the fatherland—delivering a 
sketch of the American bomb—he had 
been awarded only the “Combat Red 
Banner Order,” a prize much lower in es- 
teem than those granted the leading So- 
viet nuclear physicists, Kurchatov, 
Khariton, and Yakov Zeldovich. They 
were given the state's highest honor, 
“Hero of Socialist Labor"—three times. 

Yuly Khariton recalls one episode in 
the science/K GB debate: a meeting with 
Stalin, when the dictator had to decide 
whether to copy the American design 
based on plutonium, or to pursue the 
Soviet original design for a uranium 
bomb. In a state of nuclear paranoia, 
Stalin opted to press the scientists to 
copy the American bomb and hurry up 
with the first test "before the Ameri- 
cans blast us." This episode reflected 
the mistrust of their own scientists by 
the Soviet government. 

The most important intelligence con- 
tribution to the Soviet nuclear bomb pro- 
gram was made by a single atomic spy 
(see "Were They Spies?"). In the summer 


T is no doubt that the intelli- 
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of 1950, British security agents arrested 
Klaus Fuchs, a German refugee from 
Nazi Germany who had fled to England. 
Fuchs had arrived at Los Alamos in 
1944 as a member of a British nuclear 
team working on the Manhattan Project. 

The KGB has now publicly acknowl- 
edged that Fuchs was a valuable mole, 
who passed documents on the Ameri- 
can plutonium bomb to the Soviets. In 
1998, the official Russian TV program 
Channel 1 broadcast: "Klaus Fuchs, a 
talented physicist who had emigrated 
from fascist Germany, handed over ex- 
tremely valuable information to Soviet 
intelligence. Thanks to him, our coun- 
try was able to speed up its own pro- 
gram by at least two years." 

While the Soviet nuclear weapons es- 
tablishment started as the pupil of the 
Manhattan Project, it quickly accumu- 
lated its own momentum. By the late 
40s, Soviet bomb makers were already 
moving toward genuine Russian de- 
signs. Then in the 50s, the basic con- 
cepts for the present generation of hy- 
drogen bombs wére developed and 
tested. Nuclear historians sometimes 
attribute the origin of the Soviet H- 
bomb design to American ideas. Here, 
too, former KGB spymasters claim an 
important role for themselves. Howev- 
er, Andrei Sakharov's memoirs and the 
recent arguments of Yuly Khariton pro- 
vide a strong case for the originality of 
the Soviet design. 

Sakharov, who joined the Arzamas 
team in 1949, discovered that the early 
Soviet work on the hydrogen, or fusion, 
bomb was based on a flawed concept. 
He related its origin to an early Ameri- 
can version, stolen by the KGB and lat- 
er dismissed as unusable. Most proba- 
bly the KGB had obtained plans for the 
so-called "Super," a preliminary design 
unsuccessfully pursued at Los Alamos 
before Edward Teller and Stanislas 
Ulam conceived a brilliant alternative 
in 1951. Sakharov describes the mas- 
sive but futile efforts of the Arzamas 
team to pursue this unworkable early 
American approach before he was able 
to come up with a real breakthrough—a 
completely different idea. 

Khariton's account of the H-bomb cat- 
egorically rejects the claim of the retired 
spies: "In the final analysis, the eventu- 
al prototype of the H-bomb, on which all 
modern nuclear weapons are based, 
stemmed from our own work— the 
Americans were first to test this weapon 
in 1954, and we tested our own in 1955. 
But we worked completely independent- 
ly." On the basis of fragmentary recollec- 
tions of several leading Soviet physi- 
cists, one could reconstruct a complete 
chronology of events, leading to the H- 
bomb test in the autumn of 1955. 

The first step was suggested by Vi- 
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taly Ginsburg, an eminent Soviet physi- 
cist. He proposed the use of lithium 
deuteride (deuterium is a heavy isotope 
of hydrogen). The explosion of a fission 
“trigger” would bombard the deuteride 
with neutrons, producing the still heav- 
ier hydrogen isotope tritium. And a 
deuterium-tritium fusion is the most 
powerful of thermonuclear reactions. 
Ginsburgs suggestion, made in 1949, 
Sakharov called "the first idea." 

The second idea was proposed by 
Sakharov himself in the same year: The 
fission of a very heavy isotope with 
many electrons per atom, such as ura- 
nium-238, surrounding the light ther- 
monuclear fuel (with far fewer electrons 
per atom), would produce an enormous 
compression, greatly enhancing the 
rate of fusion reactions. This process 
was nicknamed "Sakharization," after 
its originator. This word in Russian lit- 
erally means *sugaring"—Sakhar 
means sugar. Neutrons emitted in the 
fusion reaction would, in their turn, en- 
hance fission by bombarding the urani- 
um-238. The overall sequence is the fis- 
sion-fusion-fission cycle. 

These concepts were not suggested 
by American scientists until Teller and 
Ulam proposed similar steps in 1951. 
The Americans then almost immediate- 
ly made a final breakthrough by har- 
nessing the tremendous radiation effect 
of thermal X rays. This was the equiva- 
lent of Sakharov's third idea (proposed 
by him jointly with Zeldovich in 1954). 
However, the Soviet discovery was 
made independently; the Soviet atomic 
intelligence network had ceased to exist 
long before, as the spymasters them- 
selves have admitted. 

Indeed, KGB Col. Iatskov admits 
that all the American leakers abruptly 
stopped cooperating with the Soviets af- 
ter August 1949. Apparently, they con- 
sidered the successful test of the Soviet 
atomic bomb that August as the com- 
plete fulfillment of their “moral” duty to 
help restore nuclear parity. But Iatskov 
insists that he had enough time to pass 
the secret of the future H-bomb to the 
Kremlin in 1948. 


ence/espionage debate? There is no 

question that even without the as- 
sistance rendered by the KGB, the Rus- 
sian scientific establishment would 
have developed the atomic bomb inde- 
pendently (as they did with the hydro- 
gen bomb), only some two years later. 
Perhaps the last word should remain 
with the late Andrei Sakharov, physi- 
cist and dissident, who was always 
skeptical about the importance of spies. 
He once told a meeting at my institute: 
"There was only one secret—that it is 
possible to make a nuclear bomb." 
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Nuclear Chaos 
[Continued fro e 59] 


arms, and return all of its nuclear 
weapons. 

Although the theft or capture of nu- 
clear devices by terrorist groups or com- 
mandos working for other nations is 
possible, the most likely “loose nuke” 
scenario (as it is called by proliferation 
experts) involves the clandestine sale of 
either bomb-grade fissile material or an 
actual warhead. 

Two factors, both stemming from 
mounting political anarchy, make such 
sales increasingly likely. First is the si- 
multaneous growth of the get-rich- 
quick criminal class and the miserably 
paid nuclear custodians: scientists, en- 
gineers, technocrats, and personnel 
who are supposed to guard fissile mate- 
rial and warheads. The greed mer- 
chants—many of them real-life (though 
murderous) Damon Runyan characters, 
complete with BMWs, bimbos, and 


| bodyguards—have dizzying amounts of 


money to pay laboratory workers, key 
bureaucrats, and guards who live in 
squalor and who try to make ends meet 
on perhaps $12 a month. 

Second, the former USSR’s once 
tightly sealed borders are now so 
porous that a thriving black market has 
taken root from Eastern Europe to 
Vladivostok, where everything from 
electronics to stolen cars moves with 
near-freedom. What border guard at a 
lonely checkpoint would confiscate a 
small heavily insulated crate weighing 
perhaps 100 pounds or even 10 times 
that much instead of taking $250—four 
year’s pay—and allowing it to pass? 

Buying a finished weapon, or several 
of them, is the easiest way to gain entry 
to the nuclear club. And as events in 
eastern Germany in 1991 showed, such 
a scenario is not farfetched. 


tenant in the Special Troops of the 
Soviet General Staff—the group 
assigned to guard nuclear weapons 
—arranged to steal a 1,500-pound, city- 
busting Scud nuclear warhead from a 
bunker at Alten-Grabow in eastern 
Germany and smuggle it by truck and 
barge to members of Greenpeace in 
West Berlin. There, the activist envi- 
ronmental organization planned to un- 
veil it at a news conference, proving 
that nukes could be acquired by out- 
siders, whatever the Kremlin claimed. 
Greenpeace planned to end the event 
by publicly asking the weapon’s embar- 
rassed owner where it wanted it re- 
turned. Just before the theft was to 
take place, however, the lieutenant’s 
unit was abruptly withdrawn to Russia, 
taking its warheads with it. 
In an appearance before the Senate 
Government Affairs Committee in May, 
Mikhail Yegorov of the Russian Min- 


T hat year, a 28-year-old senior lieu- 


istry of Internal Affairs said that orga- 
nized crime groups were trying to pene- 
trate the facilities of the defense estab- 
lishment and steal nuclear material. 
And FBI Director Louis Freeh told the 
Committee: "We are gravely concerned 
Russian organized crime members may 
have already attained...the capacity to 
steal nuclear weapons.” To help Russia 
deal with such problems, the FBI is es- 
tablishing an office in Moscow. 

While losing one or more nuclear de- 
vices to terrorists would be dangerous 
enough, it would pale in comparison 
with a Dr. Strangelovian doomsday sys- 
tem that was set up during the height 
of the Cold War to ensure that the Unit- 
ed States would not survive even if it 
launched a “decapitating” strike 
against the Soviet political leadership 
and the general staff. The computerized 
system, which is still in place, is called 
“dead hand” because it was designed to 
be switched on at the start of a crisis, 
and to order all-out nuclear retaliation 
even if the whole hierarchy of Soviet 
leadership perished. 


Ts dead hand system marks the 


first known instance in the nucle- 

ar era in which a machine has 
been invested with the ability to de- 
stroy most or all of an entire country. 
Although the system was designed to 
respond to an attack, experts agree that 
it is particularly dangerous because 
Russia's faulty early warning system, 
the capture of command posts in a civil 
war, or even a computer glitch could 
turn it into a first-strike system. 

The system's components are said to 
be buried as deep as 900 feet beneath 
the Lenin Library, and at other sites 
south of Moscow. If the dead hand sys- 
tem's ground-level sensors picked up 
nuclear explosions, and if communica- 
tion links with the national command 
authority were broken, low-frequency 
signals would go out to launch special 
rockets. 

The rockets would fly high over mis- 
sile fields and other military facilities, 
broadcasting launch orders to ballistic 
missiles and bomber bases whose tar- 
gets are pre-selected. The communica- 
tions rockets were designed to fire mis- 
siles from submarines at sea too, but 
hardly any subs patrol nowadays for 
lack of fuel and lack of a mission. Al- 
though both sides’ ICBMs were target- 
ed on the oceans instead of strategic ar- 
eas this spring, they could quickly be 
retargeted. And even a massive nuclear 
attack on the sea would create an 
unimaginable ecological catastrophe. 

The Cold War may be over. But the 
nuclear danger it spawned has a half- 
life that will extend well into the fore- 
seeable future. Pii 
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From Russia with Mud 
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ward and skirts a creek. After the first 
90-degree turn, I realize there is no 
power steering. After the first sharp 
downhill, I realize there are no power 
brakes. With leaf springs front and rear 
and solid axles, every bump and lump 
is telegraphed directly into the cockpit. 
The seats do little to cushion the blows. 

The Russians have taken simplicity to 
new heights. The last thing you need if 
you're chasing a tank through a bog or 
over fallen trees is power-assist units 
that burn out, or complex suspensions 
and axles that go awry. So none of the 
luxuries that earmark Western sport 
utilities are found on this beast. 

Manhandling the UAZ on several 
laps around a course featuring boul- 
ders, felled trees, and steep hills, I 
break into an all-out sweat. With a 
wheelbase measuring a mere 94 inches, 
the UAZ effortlessly pirouettes around 
trees and boulders, an amazing feat 
considering. its 3,505-pound curb 
weight. Almost nine inches of clearance 
at the rear differential makes overrun- 
ning obstacles a breeze. Although I 
didn't get a chance to try it, UAZ claims 
a 27.6 inch-deep river-fording capabili- 
ty Engine torque is 127 pound-feet at 
2,100 rpm, and the choice of eight dif- 
ferent gear settings wrings the most 
from the motor. 


ll of this lends an honest, old-fash- 
. jioned feeling to the UAZ. And 


that's part of the charm that has ` 


Reston, Virginia-based UAZ of America 
betting that the vehicle will be a hit. A 
U.S. version will make several conces- 
sions to luxury-minded Americans: pow- 
er steering, a radio, a new dash, and 
more comfortable seats. Still problemat- 
ic is the powerplant; UAZ of America 
would like to use a GM V6 in place of 
the Russian engine that will not pass 
U.S. emissions standards. Other alter- 


natives include a Volkswagen V6 or an 


unspecified Mazda engine. 

Beyond the engine glitch, there are a 
host of U.S. requirements the vehicle 
must meet before it can be sold here. 
Sharp welds need to be smoothed, side 
running lights must be installed, and 
the seven-ply Russian tires—designed 
to withstand bullets—need to be re- 
placed with U.S.-rated rubber. The UAZ 
could clear the engine and safety hur- 
dles and may be offered for sale about a 
year from now. 

It's a long shot that the UAZ will dis- 
place the Jeep or the Land Rover. Sport 
utilities spend most of their time on the 
highway, hardly the natural element 
for a battlefield vehicle. But for born- 
and-bred toughness and a retail price 
expected to be about $13,500, this new 
badge might be novel enough to give 
the big guys a real run in the mud. 85 
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ship. Sagalevich piloted five of the 17 
dives made by the Mir I and Mir H, 
Finnish-built manned submersibles ca- 
pable of diving to 6,000 meters. 

“Basically, we work only on a contrac- 
tual basis with different groups around 
the world,” Sagalevich told me. “There’s 
no other way. My institute, the Russian 
Academy of Sciences, the government— 
they have no money to support our re- 
search.” Today Sagalevich and his col- 
league, chief scientist Lev Moskalev, 
work with countries ranging from Ger- 
many to Mexico. One of their most im- 
portant jobs, undertaken with support 
from several governments, is monitor- 
ing the state of the Russian nuclear 
submarine Komsomolets, which sank in 
the Norwegian Sea in 1989. Lying just 
300 miles off the Norwegian coast, it 
gives nearby countries grave concern 
over the possibility of leakage of ra- 
dioactive material. 

Even the prestige of the Nobel Prize 
does not confer immunity from loss of 
funding and the need to seek interna- 
tional ventures. Academician Alek- 
sander Prokhorov is director of one of 
the most respected of all Russian scien- 
tific institutes, the General Physics In- 
stitute in Moscow. In 1964, he shared 
the Nobel Prize for physics with a fel- 
low Russian, Nikolai Basov, and with 
Charles H. Townes of the United States 
for the elucidation of laser and maser 
theory. Today, Prokhorov’s Institute, 
like all the others, is suffering. 

“Even though we are dedicated to ba- 
sic research,” the lanky, white-haired 
scientist told me, “the drop in military 
orders affects us greatly. The military 
establishment understands that it 
needs to support fundamental research 
because new ideas, new scientific prin- 
ciples, are very important for develop- 
ing new weapons. For example, some of 
the laser research at my institute is 
weapons-related. But now the military 
ministries don’t have money, so they 
can't go on funding us. About 30 per- 
cent of our budget came from the mili- 
tary; the rest came from the Academy 
of Sciences. 

“Now we don’t have enough money 
for salaries, and scientists have low 
salaries compared to other people any- 
way, especially to people who buy and 
sell. We have practically no money to 
buy materials, replacement compo- 
nents, new equipment. The government 
says that just now they don’t have more 
money to support science, but later, 
when they have more money, they'll 
give more to science. By that time sci- 
ence in Russia might be dead. And ev- 
eryone knows that if somebody dies, 
you can’t bring him back to life.” 

So now, Prokhorov says, he is obliged 
to do research with other countries, 1п- 
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cluding the United States, Germany, 
and Japan. 

One of the most potentially fruitful 
areas of this research is cancer therapy. 
“You might think this is strange,” says 
Prokhorov, “because we are a physics 
institute, not a medical institute. But 
we have developed solid-state fiber-op- 
tic lasers that can be used to treat can- 
cers lying deep within the body, like 
stomach cancer.” Pinpoint, intense 
laser light of the right wavelength, from 
one to ten microns, is passed through a 
fiber-optic endoscope to the site of the 
cancer. The lasers are also being used to 
treat skin cancers. 

Prokhorov particularly regrets the 
cancellation of an ambitious space laser 
project because of lack of money. His in- 
stitute developed a LIDAR—a kind of 
laser ranging device—that he wanted 
to install on the Russian space station 
Mir. “We would have been able to eval- 
uate the state of the atmosphere—the 
presence of aerosols, the condition of 
the ozone layer,” Prokhorov said wist- 
fully. “But the government had no mon- 
ey to pay for this project. 

“Besides, we are less concerned than 
the West about the ozone hole and glob- 
al warming, at least for the time be- 
ing...maybe later. For now we have oth- 
er, more immediate problems. Because 
we have so much pollution of different 
kinds, we have many health problems. 
So, for the present time, we are more 
concerned with local ecological prob- 
lems than global ones.” 


volves the U.S. government di- 

rectly. In 1992, the U.S. Depart- 
ment of Energy agreed to fund 
experiments on the T-10 tokamak at 
Moscow’s Kurchatov Institute of Atomic 
Energy. The tokamak is a doughnut- 
shaped type of fusion reactor, which 
creates a magnetic field to confine the 
plasma of fusion fuel. The work was to 
supplement fusion-energy research be- 
ing conducted at General Atomics of 
San Diego, Calif. The salaries of 116 
Russian scientists for one year totaled 
$90,000, or about $65 a month for each 
researcher. That was some seven times 
the Russian average wage at the time, 
but a ridiculous and insulting pittance 
by American standards. 

The head of the division of Kurchatov 
that was involved, which now is called 
the Institute for Fusion Research, is 
Boris Kadomstev, whom I first encoun- 
tered on a visit to the tokamak facility in 
1978. When I visited him in June 1992, 
shortly after the DOE contract had been 
signed, he was extremely resentful over 
what he considered a virtual rape of 
Russian science. When I met him again 
in April, I reminded him of his reaction 


A» institute's collaboration in- 
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and asked whether he felt any different 
about the deal, which had been renewed 
after the original contract expired. 

“Not really,” Kadomstev answered. 
“My original complaint was that there 
was very little money for a very big job, 
and that hasn’t changed. The size of the 
contract is still about $100,000, and it’s 
to operate the T-10 only for specific ex- 
periments for General Atomics. It actu- 
ally takes about three or four times that 
much to perform all our work on the T- 
10. The rest has to come from the gov- 
ernment, part from the Ministry of Sci- 
ence, which pays for our salaries, and 
part from the Ministry of Atomic Ener- 
gy, which pays for materials, equip- 
ment, and miscellaneous support.” 

Kadomstev's institute has also built a 
larger tokamak, the T-15. But experi- 
ments on this machine have virtually 
ceased. The T-15 is far more complex 
than the T-10, and because it uses su- 
perconducting coils to maintain the 
magnetic field, it needs to be cooled by 
liquid helium, which must be constant- 
ly replenished. That makes it far too ex- 
pensive to run. 

“To operate both the T-10 and the T- 
15 tokamaks in the right way,” says 
Kadomstev, would not take much mon- 
ey, about three to four million dollars 
per year. But the Russian science bud- 
get now is very small. As a percent of 
the gross national product, it’s one- 
third as much as it was in 1990, and 
that product has also shrunk. So the 
budget for science is really tiny. 

“This is especially severe for big sci- 
ence, big installations like mine. Plas- 
ma fusion research demands big ma- 
chines, and it is very difficult to continue 
operating them now. And there is no in- 
dication that the situation will improve 
in the future. Nevertheless, physicists 
and other parts of the scientific commu- 
nity continue to struggle to work. It is 
our tradition, and our life.” 


eyond such international coopera- 
Be: arrangements, straight-out 
gifts to the cash-starved Russia al- 
so have a role. To prevent Russian sci- 
ence from “slipping into a black hole,” 
the international financier and billion- 
aire George Soros announced in Decem- 
ber 1992 that he would establish a 
“Noah’s Ark"—a private foundation, the 
International Science Foundation, to 
contribute $100 million of his own mon- 
ey to support basic science in the former 
Soviet Union. His foundation would 
consider applications for grants directly 
from individual scientists, sidestepping 
the encrusted system of institute and 
Russian Academy approvals that previ- 
ously throttled the flow of money. 
One of Minister Saltykov’s plaints 
has been that, under the old regime, 


there was no real system of peer review 
of grant applications comparable to 
that in the United States. Instead, 
funds were often shunted to those dis- 
tinguished by political heft and Com- 
munist Party loyalty. Commenting on 
the Soros plan, Saltykov said: “The new 
approach will select only the most cre- 
ative people. It will undoubtedly lead to 
a shift in power away from the appa- 
ratchiks to the scientists themselves.” 
The original $100 million sum was 
followed by the promise of an additional 
$12.5 million from Soros this March, 
provided that the Russian government 
would contribute matching funds. So 
far, about 20 percent of the 9,000 grant 
applications received have been ap- 
proved, with the size of the grants rang- 
ing from $10,000 to $50,000. Unfortu- 
nately for the Russians, the money is 
due to run out in the summer of 1995. 


| Fot every scientist in Russia is hap- 

№: about the Soros grants. Ev- 

genii Dianov, of Moscow’s General 
Physics Institute, is skeptical about 
their motivation and eventual impact. 
Dianov heads a research group of about 
100 scientists who work on both funda- 
mental and applied science problems in 
the field of fiber optics. 

^At first sight," Dianov told me, *the 
Soros grants looked all right—the Unit- 
ed States 1s Just trying to help us, help 
Russian science. But after thinking 
about this very deeply, it seems that 1t 
is not really help, but good business for 
the United States, and taking advan- 
tage of the present very poor situation 
of Russian scientists. 

“How does it work? Poor Russians 
with no money to pursue their scientific 
interests are asked to apply for grants 
by submitting their best ideas—as 
many as possible—to the United States. 
Some of the grants will be supported, 
but most will be rejected, because there 
is not enough money. So scientists in the 
United States—in universities, in re- 
search laboratories—get many valuable 
fresh ideas in physics, chemistry, math- 
ematics...we don't have stupid people in 
Russia. And of course, the United States 
can benefit from many of these ideas 
they get at no cost." 

When asked whether his laboratory 
had applied for Soros grants, Dianov 
replied that he had submitted proposals 
for three or four projects, and that one 
was accepted. 

Minister Saltykov dismisses such 
thinking as, essentially, sour grapes. 
"Don't American scientists also get dis- 
appointed if their grants get turned 
down by the U.S. National Science 
Foundation?" 

Dianov's view of America may be 
jaundiced by previous experience. His 


was one of the first groups to contract 
with a major U.S. corporation in a coop- 
erative venture. In May 1992, the fiber- 
optics group signed a one-year contract 
with AT&T Bell Labs to perform sophis- 
ticated research in such areas as high- 
strength fibers and laser-fiber interac- 
tions. AT&T sought out his group, 
Dianov said, because the scientists at 
the General Physics Institute have the 
reputation of probing physical phenom- 
ena very deeply, as opposed to the ap- 
proach of American facilities like Bell 
Laboratories, whose researchers Di- 
anov characterized as "attempting to 
understand something just deeply 
enough to be able to produce a commer- 
cial device. It's very prestigious to in- 
vent a significant new device, and it's 
good for technological progress. But in 
fundamental science, the real prestige 
comes from deep understanding of the 
underlying phenomenon." 

When I interviewed Dianov in June 
1992, just after this arrangement had 
been signed, he was less than happy 
with the financial arrangements, which 
gave each member of the group less 
than $100 a month. His new arrange- 
ment is better, he said now, not be- 


cause the AT&T funding has been sub- 
stantially increased, but because the 
money is now shared by only ten or so 
researchers, so individuals are better off. 

“Оп the other hand," Dianov told me, 
"cooperation with AT&T has been very 
good advertising for my team. So now I 
have contracts with other companies, 
some in America, such as DuPont, and 
some in Canada." 

It 1s a reflection of the state of science 
in Russia that less than half of Dianov's 
funding comes from the State's budget 
for his institute; the rest comes from his 
foreign contracts. 

"It seems," he said bitterly, "that the 
whole budget for academic science 
equals two MiG-29s. One result is that 
my team has lost 11 persons to other 
countries, the most ambitious and tal- 
ented, some in very high supervisory po- 
sitions, very bad for our state." 

Nevertheless, Dianov says, he is opti- 
mistic about the future of Russia and 
Russian science. 

“You see, the greatest potential of 
Russia is in its richest resource—the 
Russian people. Gradually, well find 
a way to restore our country, and our 
sclence." РЫ 
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iwit your course. 

i 

i 

! 

i 

| 

! 


Get Free Facts, Call Toll Free 


1-800-595-5505 zx. suo | 


Call anytime-24 hours a a week 
ОМ TODAY. 


OR MAIL COUP | 
| Name i Age | 
| Address Apt.# | 

— Zip 


| 
| 
m] 
ا‎ 
School of Appliance Repair | 
925 Oak Street, Dept. APCO74S | 
y Scranton, РА 18515 | 


СА zt TV 
DESCRAMBLERS. 


Best Prices in the U.S.A.! We Will Beat Any Price! | 


EXPLORE == INTERNET | 


FREE! 


DELPHI is the only major online 
` service to offer you full access to the 
Internet. And now you can explore 
this incredible resource with no risk. 
You eet 5 hours of evening/weekend 
access to try it out for free! 

Use electronic mail to exchange 

messages with over 20 million people 

throughout the world. Download programs and files using "FTP" 
sand connect in real-time to other networks using "Telnet." Meet 
people from around the world with "Internet Relay Chat" and 
‘check out "Usenet News", the world's largest bulletin board with 
Over 4500 topics. 

If you're not familiar with these terms, don't worry; 
DELPHI has expert online assistants and a large collection of 
help files, books, and other resources to help you get started. 

After the free trial you can choose from two low-cost 

membership plans, With rates as low as $1 per hour, no other 
online service offers so much for so little. 


Jerrold, Scientific Atlanta, Pioneer 
Panasonic, TVT, FTB-3, SA3 
Jerrold Impulse & Starcom series 
Sci. Atlantas incl. 8536/+, 8580, Drop-field 
FAST SHIPMENTS FREE CATALOG 
30 DAY MONEY BACK GUARANTEE 


1-800-772-6244 me. 9-5 est 
U.S. Cable TV, Inc. Dept.: KPS084 
4100 N. Powerline Ad, Bldg. F-4 Pompano Beach FL 33073 | 


s-Hour Free Trial! 
Dial by modem; I-800-365-4636 


Press return a few times, At Password, enter PPS948 


INTERNET 


Offer applies for new members only. A valid credit card is required for immediate access. 
Other restrictions apply. Complete details are provided during the roli-free registration, 
Questions? Call i-Bno-59z-4005 (voice) Send e-mail to INFO Sdelphi.com 


Not unless your mattress is the 


WIRE TAPE. 
R Wire SPEAKER WIRES! 


we 
ee 


revolutionary Select Comfort® air sleep 
system. Select Comfort exclusive 
design supports you on a cushion of air 


eaer jn that conforms to your body shape for 


те ; : 
lomey S perfect support without sagging or 


pressure points. 


Adjustable Firmness 
Each Side 
Adjusts Separately 


No Sprin nitor 
Pressure Points 
90 Night | 
Risk-Free Trial 
Never Needs 
Turning 


20 Year 
‘Warranty 


NOW!! Remote speakers without unsightly wire. 
NEWI! Nearly invisible ultra thin speaker wire 


with adhesive backing. Simply prep, peel, 
stick and paint over. 


[С] 188 18 ft. of #18 gauge Wire Tape" with 8 copper 419.95 
spring loaded, disconnect wire 
connectors and 8 rubber insulated covers. 

C] 258 25 ft. of #18 gauge Wire Tape. (Connectors {19.95 
sold separately. #808) 


TJ sag 50 ft. of #18 gauge Wire Tape. (Connectors $9.5 
sold separately. #808) 
[.] 908 Б copper, spring lated, wich docct wire $5.95 
connectors and rubber insulated covers. 
a FREE formation pacta with sample. 
а a MD ТШШ 
Card # Expires 
Nome ITE 
Address (CA residents adi = E | 
City State ___ Zip лра: un.) Hee 
——————————— EL СТ The Only 
Ren on A Mattress Ши 
WIRE TAPE. Push Button 
840 N. Cypress S1, Orange, CA 82887 Firmness Control. 
(890) 771-4083 — Á— 


586/ PENTIUM-60 


Only 


PENTIUM-60 MHz Intel 
MINI-Tower case 200w 
8mb RAM 

TEAC 3.5" FD 

2 ser, 1 par, 1 game | 

1mb SVGA card, 32 Bit | | 
16.7 million color | 
14^ SVGA monitor .28 
420mb IDE hard disk МШЕ nl 
w/ 32 Bit controller —" o. CR 
DOS 6.2 & Windows 3.1 
Mouse, 101 Keyboard 


0-238. 4453 


$ 1999 


ORDER: 1-80 


TEL:(818)727-9054  FAX:(818)727-9064 
21820 Nordholf,#A, Chatsworth, CA 91311 
Bason Computer Systems, Inc. | 


Variable Firmness: 
A Comfort Breakthrough. 


Dual air chambers inside the mattress 
can each be made firmer or softer at 
the touch of a button, so you each get 
exactly the support you need. Studies 
prove our patented air sleep system 
supports your spine more evenly than 
metal coil mattresses or waterbeds. 


Why Not Feel For Yourself? 


With our 90 Night No Risk Trial, 
you can sleep on it for up to three 
months before you decide. 


Call For Store Nearest You 


| 1-800-831-1211 ! 
| Please send те a FREE Video, | 
ў Brochure and Price List. і 
Lie 
I City = State і 

Zip _ Phone ў 


Mail to: Select Comfort Corponition 
і 6105 Trenton Lane N., Minneapolis, MN 554424 


Dept 2940] 


PESTS ARE GONE! 


Bentley's, a pioneer in ultrasonic pest control since 1982, 
announces it's most ролат SUPER MACHINE that 


Au 


E RATS, 
SQUIRRELS, 
FLEAS 


Thousands report bats, ants, spiders, roaches, flies, and 
crickets gone OR YOUR MONEY BACK! Bentley's SUPER 
PEST REPELLER blasts out ultrasonic sound that is 
unbearable to pests and they will do everything to avoid 
it but it is harmless to humans and pets. Use them 
everywhere: homes, restaurants, offices, farms, etc. 


Look at what satisfied customers have to say! 
“Have 12 cats, 1 dog and NO fieas.” Binghamton, NY 
“Haven't seen one ant or spider since | plugged it into 
the wall.” Paramus, NJ 
“All my mice are gone.” Riverside, CA | 
BEWARE OF CHEAP IMITATIONS! 
Bentley's SUPER PEST REPELLER is the best! 20 to 
100 times more powerful than competitive units. 
Registered by the Canadian Dept. of Agriculture to 
repel mice and rats. (PCP act Reg #21465). UL listed. 
EPA est. #. Dual transducers blast out ultrasonic 
sound at 148db and 32 to 62 KHZ (32,000 to 62,000 
cycles a second). Over 3 million repellers sold. 90 day 
money back guarantee. 36 month limited warranty. 
Attractive and compact. Walnut and beige finish. 
Only 2-1/2" high and 5" wide. Just plug it in. THAT’S 
ALL! Costs less than a penny a day to operate. 


WHY PAY MORE? $39.95 ($4.95 shipping). Save! 2 
repellers only $74.95 ($5.95 shipping). BUY 3 GET ONE 
FREE! ONLY $119.85 ($6.95 shipping)! CA res. add 8% 
tax. Canadian add add'l $3.00 shipping. Info/foreign: 
415-647-7904 Fax 415-826-3061. CALL TOLL FREE 
800-348-6868 Bentley For Better Living™, Dept. MH61, 
РО. Вох 31652, San Francisco, СА 94131. 


Save ир to 80% оп n publishers: overstocks, 
remainders. Thousands of books, from 
1 yes terday's best sellers to rarely seen titles. | 

lence, Do-It-Yourself, Photogr graphy. His- 
EA Biography, Fiction over 4 4 iQ subject | 
rite for FREE CATAL 
[Hamilton Box 15-977, Falls mi “Cr 06031. n 


Pre-cut dome home kits in a variety of floor plans up 
to 3,000 sq. ft. Complete kits stort as low as $6,120. 
Attractive, easy-to-assemble, energy-efficient. $12 for 
new 100-page catalog package. Color video $8 more. 


TIMBERLINE GEODESICS 


2015 Bloke St. „еи, (А 94704 1-800-00МЕ-НОМЕ 
SEE THE MAGIC OF THE UNIVERSE! 
Distant galaxies, colorful nebulae, the solar system and 
thousands of fascinating objects are yours using large affordable 
| ee. 8 telescope complete only $275! “Best 
Astronomy Magazine Dec. 1991! Sizes up to 17.5"! Ask for free 
| mat that includes а telescope tester and an Odyssey 
me E ue manual. See it now! 
COULTER OPTIC PO. Box К, Dept. PS. 
Idyllwild, CA EM p (808) 659-4621 
"Optimum Optics At Minimum Gost Since 1967" 


$$$ SAVE $$$ Eliminate 
all your ET Bills!! 


UP TO 72 HOUR BURN TIME 
Works with any existing heating system. 
Heat Home, Hot Water, Swimming Pool, 
Green House, ect. 


800-210-6207 for a free Brochure 
or $9.95 for a video; fully refundable 
Central Boiler Call 218-782-2575 


Revolutionary . Easy to Use | 


TRIMMER | 
ON WHEELS! 


|The DR* TRIMMER/MOWER r 


rolls “light as a feather” on two | 
BIG WHEELS! | 


TRIMS far easier, better, more Ё 
precisely than hand-held Nw ou 

trimmers. MOWS D» MADE 
everything from F ج‎ 


whole lawns 


(even wet!) 
to tough, 
walst- 
high TOL 
growth FREE | 
| (820) 
_ 651-163 


1 кочу blade! Far safle 
a К than ordinary brushcutters. 
ee... Exc | he easiest to handle 

NE О. immer, mower, or brush- 
кы ey cutter you've ever used! 


Tin ie S RR: RN d ln n рына n d UR, DM p ee ey a АЕА 


i mail c coupon today for FREE DETAILS abouti 
Ithe Revolutionary ОК" /RIMMER/MOWER includ- 
im rices of Manual and Electric- "Starting Models and! 

-Season" Savings now in effect. - 


lam 
І 


l 
| City State — ДІР 
TO: COUNTRY HOME PR PRODUCTS* 


Dept. 38408, x Кош, Вох 89 
Charlotte, VT 0544 


: i 

! Address | | | © 
i E 

b 


rd 


| 
| 


Save on Cable rental fees! 
CABLE TV 
DESCRAMBLERS 
WE LL BEAT 

ANY PRICE ۰ 


JERROLD-TOCOM-ZENITH-HAMLIN - 
OAK-PIONEER-SCIENTIFIC ATLANTA 


• 24 HOUR SHIPMENTS! 
e 30 DAY MONEY BACK GUARANTEE! 
e QUANTITY DISCOUNTS! 


MASTER CARD * AMEX * VISA * C.O.D. 


1-800-284-8432 


Have make and model number of 4 
equipment used in your area ready. ` 
All Shipping & Handling Fees at Customer's Expense. 


| CABLE WAREHOUSE 


10117 West Oakland Park Blvd., Suite 315, Sunrise, FL 33351 ' 
(NO атру SALES) 


Anyone im theft of service 
. Will be ae assistance. 


and Sell Your 
Own Ornamental 
Concrete Items! 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
| secrets from the world's 

| largest mold manufacturer. | 


World's Larges 
Manufacture 


| Wood-Mizer Tm 


1 8 00-5: Б 3. 02 
. 32-Page Full-Color Catalog $2.00 
Business Profitability Booklet $2.00 
_ BB-Minute Demonstration Video $10.00 
Mastercard or Visa Accepted 
"Shown with optional trailer 


8180 West 10th Street Dept. E74 
Indianapolis, IN 48214-2400 


FREE CATALOG! 
Hamlin Combos $44, Oak M35B $60 (min. 5), etc 


WEST COAST ELECTRONICS 
For Information: 618-709-1758 
Catalogs & Orders: 800-628-9656 
No California Sales 


WATTHOUR - 
"METERS E 


Submeter your garage, workshop, 
any branch circuit. Also useful for 
your own energy consumption tests or experiment 
For information, meters list, and prices, send $1.00 t 
Arcman Corporation 
807A Center St., Throop, PA 18512 


т 


SSS ee г: 


.. œ Special Dealer Prices! + Compare our Low Retail Prices! | ? Ou yu Can Dri | ү ou r 
* Guaranteed Prices & Warranties! * VISA/MC/AmEx c ' 

| * Orders From Stock Shipped Immediately except to NV ا م‎ . | 

REPUBLIC CABLE PRODUCTS, INC. " Pa ITI Wn a Af ei | 

4080 Paradise Rd #15, Dept. 541 Las Vegas, NV 89109 | El | | | Ww 


For all other information (702) 362-9026 | | | : . 
diese - During more than 30 years in business, one of the most common 
FR EE . ЕРЕК!!! statements we've heard from our customers has been, “You 
VIDEOS! ga Discount Catalog know, | never even thought about drilling my own water well 
| == Phi "^3 FREE VIDEOS before | saw your ad. Then | thought there was probably no way 
Special Bonys Offer for all New Icould doit myself. But, I decided to check it out anyway. Now, 
I'm really glad | did!” 


JERROLD HAMLIN OAK ETC 


CABLE TV DESCRAMBLERS 


— 


Customers. Enclose $3 shipping) 
C 10 MORE VIDEOS $10 | 
B (J 30 MORE VIDEOS $20 


EE | MOVIE PROMOTIONS 7 рев 


The benefits of drilling your own water well are so 
numerous that we simply don't have room here to list 
them all. But, by requesting our FREE information 
packet, you'll soon see why thousands of 
homeowners are glad they checked it out. 


Call Toll-Free 
1 -800-333-7762 


| 
ege Box 85311, Hollywood, СА 90072 A | | 
| 


4 WHEEL BIKE - ü 


DRIVES LIKE A CAR! id 


e F to Pedal e Fun #4 ж 
e Multi-speed e Stable ¢ = 

e Golf Bag-Cargo Carriers 2 f 
e 1.2 & 4 Seater e Street Le ' 

Free Literature 24 hr. 1 (615) 22 2737 Ext. 5781 


| 
| | à (Ask tor Operator 7500) 
nDEMmAmang F fap CEPT 5781 • 125 RHOADES LANE | d Ё Ji. i ү | е^ ~ ay ca. Also, к. about our “How То..." videotape! 
RHOADES CAR HENDERSONVILLE. TN 37075 | E Ww Or Clip Coupon and Mail Today! 
SINGERS! rocas’ = ' 7500 Anderson Road 
ш VOCALS | AL 2 

Unlimited Backgrounds" | { Opelika, AL 3680 

From Standard Tapes, Records, & CDs with Qi d How to Drill Your * O ves: maito me the FREE INFORMATION PACKAGE 
the Thompson Vocal Eliminator™ Call Now 1 , А | TO YOUR OWN 
for Free Catalog & Demo Tape. -— | Own үү. t Well and the illustrated guide HOW TO DRILL YOUR 
LT Sound, Dept PS-15 ® е Е Д ater WATER WELL. 

un t C^ | t 

L 1968 LT Pariway | T s | P is a fully-illustrated guide that shows j 
24 Hour Bemojinto, Request | T | ' 3 5 # | you аж К get all the pus, — i PEN 

ne Ext 60 Se ag. oso : chemical-free water you'll ever need. 
The Thompson Vocal Eliminator - Better Than Karaoke! | BH : Also, for only *10 (plus $3 S&H), you ў 

can see the complete drilling of a well = Address 
E | fromstartto finish! This 20-minute, full- 
МА-100 THR- 3 Я =” © color tape shows every step of drilling „ Ciy/State/zip 
э ransmitierin a dual modualradapter = — И... СМЕ a water well. The 10 is refundable with i 
reception on FM radio up to 1/4 mie MP — M^ uu eee Эз ж о E. Ееее 
а! уыл iM power tenn = xd P 5 — = the purchase of a drill. Phone (must have) © 1994 Сооро 


| 47 Ways to Help You 
Qualify for the Job You Want 


AMERICAN RECREATION PRODUCTS, INC. Free Facts about Career 
CHEVROLET Diplomas and Degrees 

Now, at home in your spare 

COORS time, without any previous 

DEFENDER experience, you can train for 

лит | a money-making career 

DU PONT FISHING LINES even get a Spaciniized iH 
FEDERAL CARTRIDGE COMPANY Associate Degree. Call ог = 82 
GARDEN WAY send for free information on the career fi eld that 
GORE-TEX interests you most and how to train for it. 
GOQOYEAR 
| ANYTI 
HARRISON-HOGE — OR MAIL COUPON TODAY! _ 
B International Correspondence Schools | 
JOHNSON CAMPING/EUREKA! TENT Dept. APCS74S, 925 Oak Street, Scranton, PA 18515 
HGNONMG | Se gon te arg 
JOHNSON FISHING/MINN KOTA | ASS ASSOCIATE IN A ED Ba WEM SPECIALIZED У | 
KELLY-SPRINGFIELD | O Business Management — Г] Civil Engineering Technology | 
This magazine, along with the other eleven KMART | З тт Aura = eo оет | 
publications of Times Mirror Magazines, wishes MILLER BREWING COMPANY Tap vio Scene’ a | ces d | 
4 1 ; MUTUAL OF OMAHA loa AER — COURSES i 
to commend the following advertisers for their NELSON/WEATHER-RITE Б High Schoot C) Савту Gourmet Cooking 
participation in the Partnership for Environmental | NIKON RIFLESCOPES | Sonne * Mapping E NEM SOMME SDN i 
Education program, which was created by Times "NORDIC SPORTS OPTICS | E 'WiterorestyCoenaon Б пела мато | 
| | | PLANO MOLDING Г) Police Sciences C ТУЛСА Repair 
Mirror Magazines to encourage and attract the — гт | С Diesel Mechanics oh yrn | 
most qualified young men and women to the RAY-BAN Tua MM Bienen 90 
highest levels of the study of environmental TOYOTA | E Bookkeeping E pnr | 
heir soluti | VALVOLINE C] Medical fice Assistant E Home изре 
problems and their solutions. By supporting WAL-MART І Г] Legal Assistant C Medical Transcriptionist | 
this conservation initiative, these advertisers uw | Б Motorcycle Repair Р Professional Lockamithing = 
: і | | O Hotel/Restaurant Management С Appliance Repair | 
themselves have become part of the solution. Ми. GRAINGER | Name Age 
Addregs — — — — — — — ә Apa ! 
ек ЕЕЕ City/State Zip | 
PARTNERSHIP FOR ENVIRONMENTAL EDUCATION Phone)  ) 


— Е = бы —— ж 


Hi Classified Opportunity Mart 27^ 


NOW! A Galaxy of Savings | 


GET RID OF ENDLESS 
MONTHLY EQUIPMENT | 
RENTAL FEES! 


Owning your cable 

equipment saves you the 

high cost of monthly rental | 
charges, and gives you 


MOTORIZE YOUR SCOOTER... 


see With Less than $100* in Parts 
available а! a Mower Repair Shop 
and à Hardware Store! 
e Parts Kil Available + Easy to Build 
* Approx. Cap. € m 
Р, Bike Motors Availa 


FREE CATALOG | 
* CABLE T.V. BOXES - ALL TYPES •` 
* LOW PRICES - DEALER PRICES · 


ACE PRODUCTS 
^ . 1-800-234-0726 


a 


iE Send $3.00 For Colorful Brochure. 


77 JM, IDEAS, P.O.Box 16159, 
Depl. P. Issa ОН 43216 
à VISA 


“The » Originals” 


complete control of JeRROLD®TyT — $29.95. NOVAVISION $195.00 

your ТҮ. | | QEXUNBONADY new птен ORE Rit соп, 

® Tx ^ verter and descrambler. Fully activates al 

б JERROLD" TNT $50.00 Jerrold, Scientific Atlanta, and Pioneer 

B3 wet systems except baseband. 
Р We h Hia 77Р SCIENTIFIC * Picture in Picture • On-screen display , 
e nave e Best inl ® ^ + Computer interface • Stereo 
ATLAN e МАР ns $50.00 * Dual ndi * Last channel recall 
gp ad ec pi * Volume/Mute * Favorite channel memory 
CONVERTERS & PIONEER® PIO-3© $50.00 * Parental control « Ch 3/4 switch 
MicroCom Quantity Orders Only • All Other Models Available 


* Call for Pricing of Smaller Quantities 


800-665- 2 002 Jerrold, Scientific Atlanta, Pioneer аге registered trademarks 


and all references are for identification purposes only. 


DESCRAMBLERS! 


Everquest * Panasonic ¢ Jerrold * Zenith * Pioneer 
Scientific Atlanta * Oak * Eagle • Hamlin • Tocom 


1 800 624-1150 


—— | PROTECTION FOR: 
ahEENHOLUS; ES TOO! STARTING AT ¢ Cars, Trucks, RV's, 


" $ 199 Boats, Docks, 
. Motorcycles, Hot | 
EU E Tubs, Pools, Paintbooth, Concrete, | 
EN Workshops, Gov't and Industrial | 
M Contracts, Sandblasting, Camp or 
{ Temporary Shelter, тын, апа | 
m More! HEAVY DUTY Steel Frame. 
Durable Dupont® Cover with 
Zipper Door. Sizes Available from B 
5' to 60' Wide, 30° High, Any 8 
Length. Withstands High Winds, | 
Sun, Sap & Heavy Snow.| 
Assembles and Anchors Easily. No 8 
Property taxes or permit required. 
j Covers last up to 20 ru beris 
Ship to Your Door! CALL | 
tni e DEALERS & EXPORTERS WELCOME! 
CALL Toll Free 1-800-932-9344 Ext. | 
203-781-8000 4 227 


ШӘ px 203-781-8005 | GOVE GARAGES 
ШЕ жеш 2.5 Ff] 30) DAY MONEY BACK GUARANTEE ___ ALL WEATHER SHELTERS 


National Consumer 
"M - 2 lp 7/7 4 Cable Association 


_875 S. 72nd Street • Omaha, NE 68114 І 


Order your FREE catalog ису 
• Descramblers 

• All Makes & Models 
* Quantity Discounts essc dob etal Mete 
• 30-day Money Back Guarantee * Best Warranties 


JERROLD, SCIENTIFIC ATLANTA, ZENITH, TOCOM, PIONEER, HAMLIN, ETC. 


* One YEAR WARRANTY ON ALL 


Show Time C able COD PRODUCTS IN WRITING! 
643 N 98th St STE 260 . MasterCard ж BUY2SAVE 10% ON SECOND | 
Omaha, NE 68114 UNIT. 


| Visa e Amex 
1-800-643-4258 Discover * EASY TO INSTALL INSTRUCTION 


TKA BOOK WITH EVERY ORDER. 


ELECTRONICS * FRIENDLY, COURTEOUS 
| SERVICE. . 


STOP JAMMING ME! 


If you rent video tapes, they're jamming you foo!! 


When playing back rented movies you will notice annoying flashes, 

t == Streaks, jitters. This is caused by copy protection jamming embedded in 

ре“ the video. The MVE2000 will spot and completely eliminate Macrovision 
and all current copy protection giving you a crystal clear picture. 


WE GUARANTEE YOUR COMPLETE SATISFACTION WITH A 


30-Day No-Risk TRIAL PERIOD. 


FOR A FREE CATALOG OR QUESTIONS CALL: 
7914 W. Dodge Rd. 4334, Omaha, NE 68114 | 


a Guaranteed - I year - 30 Day Money Back 
2794 Eliminates all copy protection 
i MES. ча ыш: 129 * Works on all TV's, VCR's, Beta 
MERO: LS 95 QOL + Completely Automatic no adjustments 
MVE3000 - "$69. 05 on | * Digital State of the art 


vESOO0 + 88.05 1 .800- 967-2603 


"Add $6. 00 PH Distributors Unlimited * 643 N. 98th Street, STE 254 * Omaha, NE 68114 


We ship retail orders 3-day 
select services ees Гамевюсалн | | | - pamm aba. 
| краса | | | Tele 


Check 


84 • POPULAR SCIENCE AUGUST 1994 ` LK 


NU-TEIK 
ELECTRONICS 


3250 Hatch Rd. Suite 1 C- Cedar Park, TX 78613 


AE соо SOF 


Basic Converter 

options include: 

e volume control 

e restores PIP 

e parental lockout 

e on-screen display 

e remote A/B switch 

e favorite channel 

e simulatneous 
watch/record 


S NOVAPLEX 


8818 Bradley Ave., Sun Valley, CA, 91352 


10-lot price for 
dealers only! 


800- 644-6682 


13218 Jessica Dr., Spring Hil, FL 34809 1-800-441-1047 


The Bast Recumbent Homebuilder Plans." 


CABLE TV DESCRAMBLERS 
CONVERTERS 


AT UNBELIEVABLE PRICES 


JERROLD . READY TO SHIP 
CHAM Soon و‎ ' One Year 
ZENITH Warranty 
PIONEER а, 
SCIENTIFIC 


ATLANTA gf | 


"MB 


Converters as low as 


$59 


call 1(800)950-9145 


1470 OLD COUNTRY ROAD, SUITE 315 PO PLAINVIEW, NY 11803 МО NY SALES 


WATER BALLOON LAUNCHER || new lt Retaris Your Unire 


Patented By C.X. Blaster 
Amazing Watch is a Digital Recorder! an 


Three Sizes: 
100 yd — $8.00 ‚ Record a number, nate or reminder 
* Always ' save a great idea fee 
150 yd — $10.00 • Guaranteed ае starter = 
200 yd — $12.00 зҮ «Makes a unique gift 


VISA-MasterCard-Check-Money Order - Мо COD Only $24.95 

Shipping and Hanging 3.00 / Launcher | m Record 

Every order hipped пахі dayt Money Back Guaractes уно Аара, AMEX, COD orderi a" = 
C. X. BLASTER CO., INC. an T- 


800-MEMO-WA я 
For Info/ Catalog сой (718) 229-5102 ext 2з | 


ma CABLE DIRECT I 


: 100% MONEY BACK GUARANTEE! 
чу POCKET: POINTER 30 DAY FREE TRIAL! 
| TOLL FREE 


Now you can tune-in to your 
: й | | favorite cable TV programming 
800-291-5511) | and SAVE 100's—EVEN $1000's 
' i оп premium 
P.0. Box 2712 CABLE TV EQUIPMENT 
San Ramon, CA 94583 Converters « Descramblers * Filters 


The Bike Of The Future ... TODAY FREE Cane v cation E 


America's Oldest Bicycle Mail-Order Company, 
Serving Cyclists Since 1937, is pleased to offer 

complete ECON-BENT™ plans for only $30. 

Cycio-Pedia™ Inc. 

ы Р.О. Box 884 Dept. A 

“eee Adrian, MI 49221 

| V. af (BOO) 678-1021 

"riii ls Recumbent Cyclist News, 


"MODERN ELECTRONICS 
1-800-906-6664 


2125 5. 156th CIRCLE • ОМАНА, NE 68130 


р —— mu u— X на Um oe 
COMPUTER ERASE 
BAD CREDIT FREE 


M SOTO A-N T LY 
Add tens of years of AAA credi 


SERONT ae Lage m ШЧ mul 
БА #15574 
‚ CA. 90209 


SAVE 
1 -800- 676-6342 Es | 


| 21 South Mein Street, Winter Garden, FL 36767 | 


POPULAR SCIENCE AUGUST 1994 ° 85 


Cable TV Descramblers 


атаана oe на 
et descramblers tor Jerrold, 
Zenith, Scientific Atlanta, General instruments ... 


GALT, INC. 
CALL 800-487-2225 


6325-9 Falls had the Neuse Road = 
Raleigh, NC 21815 


SS | ڪڪ‎ 
LL ыыы 


WATER BALLOON LAUNCHER 


LAUNCHERS CAM BE USED EY ONE OR THREE PEOPLE 


GET THE BEST LAUNCHER 
ON THE MARKET [Ko г eu 
TWO SITES \ s e» 
158 rash sine gx ^od | cl 
ARD $13. ін ON 
OTHER LAUNCHERS & PRODUCTS AVAILABLE PAM n) 
ALL PRODUCTS MADE IN THE U.KA. MONEY BACK GUARANTEE 
WE SHIP ALL ORDERS OUT NEXT DAY SHIPPING AND HANDLING § 3.00 
WE ACCEPT VISA - MASTER CARD - MONEY ORDER - CHECK - SORRY NO COD 


WATER SPORTS OF FLORIDA CALL TODAY 
1381 POPE AV, SOUTH DAYTONA FLORIDA 5211» 1-800-756-4093 


= Û ABLE Түс: 


DESCRAMBLER 
SALE 


Money Back Guarantee 


1-800-535-1843] 


LOWEST PRICES!! Quantity Discounts! 
DEALERS WANTED 9-6 MON-FRI 
EARN EXTRA 555 SAT 10-2 ere, 


Measa lava MODEL usad in ycur area when саи 


Call us Last CNC Concepts Web 


PO Box 49503-PS 
and $ave! MPLS. MN 55449 


TRUMARK? S= 


225 Yard Range folding да stores | 
атто in handle. Includes 70 rounds of 1/2" | 


white Tracer? brand marbles, and extra 
band assembly. Post. paid 


$15.00 total 


TRUMARK* `_ 


SNAPSHOT brand 
Rubberband Gun shoots 6 
shots in rapid-fire action. Long12" 
barrel snaps bands up to 30 feet. 
Black plastic stock & rotating starwheel. 
Includes 12 powerbands. $12.95 postage pd. 
Send your check or money order to: Trumark 
1835-P 38th St. Boulder, CO 80301 


CREDIT CARD ORDERS: 1 800 878-6272 


BACK | YARD SHOPS! 


à "ET UFU 
Buy Factory Direct, Build it yourself! 
20 x 32 + 25х48 


Sia (Сэм 
E. 


ЭТЕЕЛПЮЗТЕН 
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Youn VCR Tares 


CAN PLAY AS 
CLEAR as Day! 


UNJAM NOW WITH 
| INTELESTAR 


STAR EECTRORICI E 27:8 
1-800-282-4336 Ж 


LPHA CABLE 
Masic Box 


Don't waste your money 


on outdated technology 
The Alpha Gatis Bor ой you leading ados technooo ie 
боган o [ha scri benl cathe TV programming How you 
can cars un К analy: те kira, 


Star Electronics Ж 1-800-282-4336 


1-800-A-WIRE-4-U 


Plazac Sales, Inc. 294-7348 


JERROLD PANASONIC SA'S ETC 


CABLE TV CONVERTERS PLUS 


не pac Dealer Prices! «Compare our Low - 
Retai * Guaranteed P 
"Orden shipped immediately! C.O.D. 
* WE'LL BEAT ANY PRICE * 
Sorry no N.J. sales. Dealers Wanted. 


WE DARE 4» SportSub dive. This is not а "wet sub". No 
dive gear is мот. Take your friends for | 
was rides. 2 & 3 person models 


999 video 
Jr of bath for $2399. 
Outside N.A. add $15.00. U.S.A. 
“paige dollar my order or Visa only. 
Г 50 Intemational VentureCratt tomm. 
d cw 1225 E. Sunset Dr Put S00 
"grt = Bellin een 98226 cui 


History and semaphore origin information. 
Interesting conversation itam, $4.50, KENCHER, 
P.O. Box 87, Torrington, Ct. 06790. 


AMAZE YOUR FRIENDS!! 
Shoot ball hundreds of feet in the air! Gireat 
at parties, picnics, for fun, or just for tha boom! 


аш): X Three sizes available: 
сил SOFT BALL 


BUILD EASY ee м | TENNIS BALL 

TOURS n RACKET BALL 
dis : SEND TO: 

PLANS $5.95 EA. MASTER PLANNERS 

BE 18 PO 


TWO FOR $7.95 X 1563 
SPECIFY SIZES YRS. EASLEY, SC 29641 


MUST 


CABLE BOX 


WHOLESALERS, INC. | 


BEST BOXES 
BESI PRICES 


Immediate 
Shipping 
COD 's 


Satisfaction Guaranteed 


FREE Catalog 
Call Now 


800-841-7835 


Prices + Warranties!| 


to find a more intense aa. 


CABLE TV 
DESCRAMBLERS 
Converters & Accessories 


SAVE MONEY! OWN YOUR EQUIPMENT 
| | You now have a choice to 
| own your cable equipment 
to access all premium and 
| basic channels. We offer 
| the lowest prices on all 

major brand names 

including Zenith, Jerrold, 
Scientific Atlanta, Tocom, and Pioneer. FREE 30 
day trial perlod and one year warranty. 5o, if you 
are tired of paying the rising cost of Cable TV... 


CALL FOR YOUR FREE CATALOG TODAY. 


Add-on Cable Company 


800/334-8475 


AMEX/VISA/MASTERCARD/COD 


CABLE 
T.V. BOXES 
CONVERTERS / DESCRAMBLERS 


Why Pay Rent 


Call for FREE Catalog 


1-800-972-2779 
FREEDOM 
ELECTRONICS 


4360 NE 11th Avenue 
Ft. Lauderdale, FL 33334 


CABLE TV 


Converters & Descramblers 
* осот * Oak 

* Jerrold * SA 

* Zenith * More 


Why e tolerate unbearable, monthly 
e fees when you can buy for less 
at Multi-Vision? 


PISTOL CROSSBOW | 


Available — Now on 
SALE! 


e Powerful 

Draw Weight 
* 70 Yd. Pinpoint 

Accuracy 
e Outstanding 

Performance 

TURES: -Target Included 

- Diecast Gun Body - 5 Alum.-Tipped Bolts | 
- Polyester String - Suspension Steel Bow 
- Adjustable Sights - Spare String @$5 


For immediate delivery send check or money order: 


RDS CO., 
156 Colony Ln., Manalapan, NJ 07726 


FJOLAN MIRE ОИН TOES 


Trike sod ~ 
assembled or 
in kit form 


Informative, 
Entertaining. 
Serud check ar mk 
: : - parabl ' fa 
THOMAS LEMIEUX Р.О. Box 430491 Big Pine Key, FL 33043-045 


ALL TERRAIN VEHICLES - 


BUY ONE AND WE'LL MAKE 
| YOU AN EXCLUSIVE DEALER 


max 
|16 wheel drive 4 ATV 


passenger? 
models 


Call IV TolkEres 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 


60 0 apat Street, Buffalo, NY 14206“ 


ALTERNATE ENERGY 


BICYCLE POWERED GENERATOR. 1; 
WATT $325.00. Howengineering. Box 2460, N 
Waterford, ME 04267 207-583-4800 


| FREE CATALOG! ANTI-GRAVITY, FREE p 


ENERGY, TESLA TECHNOLOGY, WIERD SC 
ENCE! ADVENTURES UNLIMITED: BOX 7 
KEMPTON, IL 60946. 


Sunix Solar Products 


Multivelt mini solar panel switchable 
3,5,9 volts (50m4), universal plug fits 
all devices. Operate ony appliance or 
rechorge batteries using the sun. 
(4°x7"). (619 ship $5) 524 


Orders only Toll Free 1-800-BOSUMLE Lie iow Sunix Co., PO Box 3889 
Sen Rafael, СА 94917 For catalog only send er money order. € 
(ашы sent free with orders Dealer | inquiries len (415) 924-6160. 


FREE ENERGY! Fuel-Less Motors and Gene 
ators! H&A, R2EPS Bowling Green, M 
63334-9350. _ 


FREE HYDROGEN FUEL & OXYGEN fra 
Water. Generator uses Solar Cells. Plans and ! 
$15.00. Prairie Power, 1331-194 South Pa 


Village. Edmonton, AB. T6J 5MB. 


| HYDROGEN FUEL CELL KIT. $149.50 + $5. 
S&H, 
| 


Infopack $2.00 WARSITZ ЕМТЕ! 
PRISES. Р.О. BOX 3555, San Jose, СА 95156 


NEW! BUILD AMAZING LIQUID PISTON El 
GINE from pipe fittings. Easy Plans. Free i 
formation. ABCO, Box 306-58, Seminary, М 
39479 


ARTS & CRAFTS 


"GETTING Started in Stained Glass" $1.0 
Whittemore, Box 2065X, Hanover, МА 02338 


ASTRONAUTICS 


30 ANTIGRAVITY METHODS! "FREE El 
ERGY" GENERATORS! 200 UNCONV 
TIONAL TECHNOLOGIES! AMAZING A 
CHIVES CATALOG! Send $2: Rexco, В 
19250, Jean, NV 89019. 


ALIEN CRAFT SECRETS REVEALED. Cor 
plete Propulsion System From Reactor To An 
matter Drive. $25 K. Corker, 19 Baronia Plac 
Nantwich, Chesire, CWS5PQ England 


Hubble Repair Shuttle Mission Filmed by NAS 
in space. Narrated by crew. $14.95 plus $34 
Shipping 1-800-575-0232 MC/Visa. 


ROCKET MOTOR Tools & Supplies. Everythi 
needed to make quality motors. Catalog $ 
Impulse Reactions, РО Box 61342, Seattle, Vi 
98121. 


THE SPACE COLLECTOR'S CATALOG: space 
artifacts memorabilia, collectibles, books, vid- 
eos, much more. Write for free Catalog Р.О. Box 
668, Dept A, Silver Spring, MD 20918 


AUTOMOBILES 


motorhomes, furniture, electronics, computers 
etc. by FBI, IRS, DEA. Available your area now. 
Call 1-805-962-8000 Ext.s-20025 


DRUG SEIZED Mercedes, Fords, Porches, 
Vans, Trucks, houses: Seizures, Box 51488-YA, 
Ontario, CA 91761. 


FUEL ATOMIZER 2000. Famous, small and 
doubling gas mileage for many. Save gas and 
eam money. Costs less than $150.00. Guar- 
anteed. Free Information. 800-647-1771. 24hr 
recorded message. WYOMING INSTRU- 
MENTS - А МАМЕ TO BE TRUSTED. 


VAPOR CARBURETOR TRIPLES MPG. Free 
information. H&A, R2PS Bowling Green, MO 
63334-9350. 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding Book. 
Price: HV Technologies, 7505 Barkentine, Las 
Vegas, NV 89128. 


| AVIATION 


" 


AIRBOATS - Hovercraft - Airdrives. Propellers, 
Engines, Plans. Catalog $5.00. Arrowprop, Box 
610P, Meeker, OK 74855. 


ld HOMEBUILT HELIC OPTER 


Tiniest Super-low-cost, easy construction! 


Ts tuy marvel Mer ike Uem eae 

ine rd ones, yet ir the Ч ер 

уте & nmyerr piton- T Thai 

engine helicopter ever le "Jl 
devefapegi os. 

s Cares one person Weed um 
„Соп be stored anywhere а 1 M 
à Powered by Go-Kart engines! ica 

«No license needed gs 2 


G-1 сопакша piana: Ба а 
Only 524. М F TIS i 
fddd ЕЗ port Foreign add 15) "VORTECH, ine 
| [| Fal пален үйбү a НЕСОРТЕА T 


Fallston, MD 21047 
TED Orderline: (@ 
1-410-583-5364 


Pra Book AND A 
Hour Hpuceetes Danus | 
Carros ow $10 


BOOMERANGS! HI -TECH DESIGNS. Amaz- 
ing Science Project Fun...Returns! FREE Cata- 
log. BoomerangMan, 1806-2 N. 3rd, Monroe, LA 
71201-4222. 


` BUILD/FLY Your own BACKPACK POWERED 
PARACHUTE for fun/profit. Takes off from level 
ground unassisted, Safe, Simple, Inexpensive. 
Detailed book with sources. Now only $19.95 
EASYUP 617-S Anderson, Talent, OR 97540 


* Questions or 

Customer Service 
hs РА hous Action Vidas STEAN (816) 637-2800 | 
info Pack A Video Combo.. p E 
PAL iEüfepean Forman) Video £45 


intg Раск. & PAL Video Combo £55 
пп T His 


Rev VOlUtiON senccorer Conn. 
1905 PSS W Jesse James f 
Ехо Springs, мо Баб 024 


‘CARS FOR $100! Trucks, boats, 4-wheelers, | 


ASTRONAUTICS - AVIATION 


Start receiving Ihis magazine | 


Join ће > 
Popular | 
Rotorcraft 
Association 
Phone or fax 
(504) 683-3545 
VISA MasterCard 


| 825 ull pear membership па the U.S. / $32 in Canada ! Special rates for other courings 
Mail. phone or fax to PRA Dept A. Р.О. Вох 8756. Clinton, LA 70722 


BEER & WINEMAKING | 


BEGINNERS SPECIAL, Free Catalog and 
Great Prices. Call U-BREW 1-800-845-4441, 
North Myrtle Beach, SC 29582, 


FREE BEERMAKING BOOK Catalog. Finest 
ingredients, fast service. Make rich beer without 
additives or preservatives. 800-852-9545 SPI 


FREE CATALOG. Brew quality beer yourself 
easily. Call Windriver Brewing. 1-800-266-Hops 
24 Hours. 


HOME BREWING Quick How To Guide. $2.00 
S.A.S.E INFOCO. 1701 Division #27 Tacoma, 
WA 98403 


WINEMAKERS - BEERMAKERS Free Illus- 
trated Catalog - Fast Service - Large Selection - 
Visa/Mastercard - (816) 254-0242. KRAUS, Box 
7850-N, Independence, MO 64054, 


BETTER HEALTH | 


HERBS WORK! Easy to take! Catalog $3.50 
(will credit w/ purchase order) THE HERB 
STAND, Box 1701, Santa Teresa, NM 88008 


HERBS- YOHIMBINE, PAU D'ARCO and oth- 
ers. Catalog $1.00 (refundable). Jude Herbs, 
Box 563P5, Huntington Station, NY 11746 


BOATS, MOTORS & EQUIPMENT 


BOAT KITS — PLANS — PATTERNS -- EPOXY 
- FIBERGLASS -- SUPPLIES -- 250 DESIGNS 
- 6'/70' — Powerboats -- Sailboats -- Hydro- 
planes -- Tunnelhulls -- Canoes -- Kayaks -- 
Dinghies - CATALOG - $2.00. BOOK "Amateur 
Boatbuilding" -- $6.00. CLARKCRAFT, 16-7 
Aqualane, Tonawanda, NY 14150. 


BOAT PLANS - PATTERNS - KITS - Unsur- 
passed Selection. 168-page DESIGN 
BOOK-$4.00 GLEN-L. 9152 Rosecrans, Box 
1804/Р54, Bellflower, CA 90706. 310/630 6258. 


MERCURY - FORCE - New 1993 Outboards.. 
We ship. $2.00 Handling. Scott McCulloch parts. 
Electra, 610 Merrick Ad., Lynbrook, NY 11563 


BOOKS & PUBLICATIONS 


FREE Magazine subscription information. Send 
$2.00, Magazines, Р.О. Box 771724 Coral 
Springs, FL 33077 


Infinite Computer Memory Possible. (No Joke) 
$2 For Details. Tau Cetti Publishing, 167 Milk 
Street, Box #413, Boston, MA 02109-4315 


Hypnosis Instant | 
Methods 
* Free Details * 


| TRANCE ` 
| P.O. Box 5022-124 


t. A 
92630 


‚ El Toro, 


| MANUSCRIPTS WANTED, all types. Subsidy 


| | publisher 
| 1-800-695-9599 


with 70-year tradition. “Call 


PROJECT MIND - Conscious Conquest of Mind 
& Matter Through Accelerated Thought. T. Kun. 
"HIGHER CREATIVITY THINK TANK,” annul- 
ling "death & taxes." 304 pages, $17.58, post- 
paid, foreign $19.58. Unimedia, Box 247, Indian- 
rocks Beach, FL 34635. Inquiries: 
marshlu 8 vms.huji.ac.il. 


PUBLISH YOUR BOOK! Free guidebook to 
subsidy book publishing. Vantage Press, Dept. 
AP, 516 West 34th Street, New York, NY 10001 


MAKE YOUR OWN GOLD 


(AS MUCH AS YOU NEED) 


"220 ae Dex Ponk an with 


materials obtained at HOBBY SHOPS or chemical supply stores. | 
* Experiments/validations conducted at major UNIVERSITIES and | 


| private LABORATORIES. 


“i phe ge in making GOLD, other 


at home or in simple labs from | 


* Learn the TRUTH! A simple EXPERIMENT proves it works! | 


precious metals, and anyone interested in how the earth was formed. 


$69.95 + $3.50 shipping/handling--30-day money back GUARANTEE 


* Special interest for students and scientists, dealers and investors in 
| 
| 


SAN DIEGO BLUES BABIES NOTEBOOK. For 
info write: SALSIPUEDES PRODUCCIONES, 
826 ORANGE AVENUE #161, CORONADO, CA 
92118-2619. 


Sports Lovers- Revolutionary Neural Network 
Techniques for Sports Betting- Horses, Foot- 
ball, Basketball, etc. Call (212)439-5103. 


U.F.O.'s. Government Secrets. Declassified 


Federal Documents. $4.00. F.I.A., Box 33006, | 
| $392.00 from sq.ft. plywood.(HUGE DEMAND) 


Phoenix, AZ 85067-3006. 


BUSINESS OPPORTUNITIES 


$1,000.00 weekly from home! Hi-tech Engrav- 
ing. Free Recorded details. 
ext-S5. 


$10,000 Monthly Taking Easy Snapshots! No | 


Experience. Photopro, 1611 Crenshaw #2355, 
Torrance, CA 90501. Recorded Info: 
310-549-0997. i 


$1000's DAILY! With "Instant Mailorder Kit"- The 
Lazy Way, At Home! Details!- DeptP S894, Box 
1649, Wailuku, HI 96793-1648. 


$1'000’s WEEKLY MAILING LETTERS. 
GUARANTEED! Free postage/supplies. Free 
details. GENISIS, Box 215-Р5, BROOKLYN, NY 
11204. 


REPAIR CRACKED WINDSHIELDS 


Earn $90,000 Yearly Repairing 
-not replacing- 


Large Cracks in Windshields 
CALL 1-800-826-8523 


or write The Glass Mechanix Inc. 
4555 NW 103rd Ave. * Ft. Lauderdale, FL 33351 


$1050 For Three we Real Work 1 Do Myself. 
$2.00 SASE. Larson, P.O. Box 10532, Raleigh, 
NC 27605. | 


$1,500 WEEKLY mailing our circulars!... GUAR- 
ANTEED!.. Begin NOW!.. FREE packet! 
MESA-L1, Box 4000, Cordova, TN 38018-4000. 


$1804 MONTHLY! Buy /sell cars (spare-time). 
Revealing proof! Write: CODEX, 507 Oak Drive, 
Friendswood, TX 77546. 


#1 MONEY МАКЕН Spare Time! No selling! No 
inventory! Publicly documented seven week 
$19,919 income! Free audio cassette and He- 
port reveal everything. Real Money, 333-PS9 
SW 5th Street, Grants Pass, OR 97526. 


$200.00 Daily Stuffing Envelopes Rush 
S.A.S.E. DRC Co, PO Box 9257, Anaheim, CA 
92802. 


$2,000 DAILY From your Telephone Answering 


Machine! I've made over $1,000,000 using mine! 
(303) 674-2219. Recorded Details. 


Be the Boss! Home based Automobile Detailing! 


Detailing Rt.3 Box 3020, Corsicana, TX 75110 


408-522-2354 | 


BUSINESS OPPORTUNITIES 


$225 DAILY "CHROME PLATING” AUTO 
PARTS, MOTORCYCLES, INEXPENSIVE, 
EASY (FREE) information: Chrome, Box 2285, 
Waldorf, MD 20604, 


$25.00 / POUND PAID For Aluminum Scrap? 
(Yes... Free Report!) Write: Ameriscrap - P5794, 
Alexandria Bay, NY 13607-0127 


Revealing proof-$1.00(Refundable). Woodwins- 
PS, РОВ 859, Bridgewater, МА 02324-0859. 


EARN $60,000 YEARLY 


Repairing (not replacin J) stone dam- 
aged windshields and plate glass. 
Learn how a 3 minute repair can earn 


you $1200/week! 


CALL NOW! 


1-800-695-6224 
FREE REPORT! - 


NVS/OPTIKLEER, EYNN, MASS. 01904 


шш шала = а-ы se 


$40,000 ON 1/3 ACRE! New hydroponics - 
inexpensive, pleasant, practical! Free informa- 
tion. Planters, Box 681804, Franklin, TN 
37068-1804. 


Beginners Dream. Earn royalties from products 
used by virtually every household. Free informa- 
tion PSI 17610: Drummond Dr, Tinley Park IL 
60477-7346 


CASH- RECORDING- PUBLISHING AWARDS! 
Songs Composed From Your Poems. Free 
Examination. Tin Pan Alley, Box 7438-PS, Sara- 
sota, FL 34278. 


COUNTERTOPS plus more: Repair or Recolor 
WITHOUT REPLACEMENT! Quick, easy to 
$600/day. 206-256-9742. Write today to 
RENEW-ALL, Box 4506-5548, Vancouver, WA 
98662 

DELAWARE INCORPORATION $195 inclusive: 
(800) 800-8881; fax 302-368-1059; SIMILEX, 
INC; also Eastern European business services. 


DRUG RAID SEIZURES: Dirt Cheap! Cars, 


Houses, boats, computers, Seizures, Box 
51488-YD, Ontario, CA 91761 
DYNAMIC 900 # OPPORTUNITY NOW 


AVAILABLE. Earn monumental profits with your 
own 900 &. Free info. 800-517-6395 
EARN 


AMAZING PROFITS! PERSONAL, 


| HOME AND AUTO SECURITY PRODUCTS, 


FREE CATALOG 800-653-3012. 


Electroplating catalog Books, kits. Bookkeeping 
correspondence course. Info: University Pub- 
lishing, POB 1071, Provo, UT 84603 


EXPLOSIVE 900# OPPORTUNITY! $15,000.00 
MONTHLY EARNING POTENTIAL. No invest- 
ment. Details: BCD, Box 820562-S, Vicksburg, 
MS 39182. 
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BUSINESS OPPORTUNITIES 


BUSINESS OPPORTUNITIES 


CABLE EQUIPMENT 


CABLE EQUIPMENT 


FREE! 1001 Fast, Easy ways to make money. 
Send name/address. Money Making, Dept. OL, 
Box Z Studio City, CA 91614 


FREE ADVERTISING! Revealing new report 
shows how you can reach 14,000,000 eager, 
responsive buyers. Write: Linkof- Drawer 519- 
Jasper, AR 72641 


FREE! Turn Any PC/ Modem Into a Money 
Machine Free Report: 1-800-221-3813 


GOVERNMENT GIFTS! You/ your business can 
recieve $1000's! UTC 6488 Avondale Oklahoma 
City, OK 73116 


GREAT MONEY "Gold Plating" automobile em- 


blems. Send $3.00 for information: 299 Latimer | 


St Marietta, СА 30060 

Home Employment Independence Guide, also 
Mailing Lists. Send $4.00 to Tom Stieb, P.O. Box 
712, Goleta, СА 93116. CA tax $.31 


VENDING MACHINE Secrets Revealed. Get the 
facts. Call for free newsletter. 800-221 -6066. 


Repair Cracked Windshields. It's Easy. We'll 
teach you how to start and run your own busi- | 
ness. Keep all the money you earn. Patented 


Equipment. FREE valuable report. 
CALL 1-800-321-2597 
GLAS-WELD SYSTEMS, INC. 
Box 5755-C * Bend, OR 97708 


HYDRAULIC JACK REPAIR MANUAL AND 
CATALOG $10.00. HYDRAULIC PARTS SUP- 
PLY, BOX 4157, BROWNSVILLE, TX 
78523-4157. 


IMPORT-EXPORT opportunity, profitable world- 
wide, mail order business from home, without 
capital. We ship plan for no risk examination. 
Experience unnecessary. Free Report. Mel- 
linger, Dept. C2699, Woodland Hills, California 
91367. 


JOIN HOME-WORKER'S ASSOCIATION -- 


Get "Guaranteed Legitimate" home-employment 
offers! (Many Choices!) Write: Association 
PS894, Alexandria Bay, New York 13607-0250 


LET THE GOVERNMENT FINANCE your small 
business. Grants/loans to $500,000.00. . Free 
recorded message: (707) 448-0270. (JG6) 


MAILBOX INSTALLERS Installers needed by 
world's largest manufacturer of apartment and 
commercial mailboxes. Leads supplied. Call 
SECURITY MANUFACTURING 
1-800-762-6937. 

MAILORDER MILLIONAIRE reveals money- 
making secrets! Free exciting cassette. Melvin 
Powers, 12015 Sherman Rd., North Hollywood, 
CA 91605. 

MAILORDER OPPORTUNITY: Start profitable 
home business without experience or capital. 
Free book. Mail Order Associates. Dept. 456, 
Montvale, NJ 07645 


MAKE $15,000 monthly! The Perfect Business. 
No investment. Easy. Free Booklet. MPC, Box 
57, Lenore, ID 83541. 


MAKE homemade "how-to -opportunity" book- 
lets. Mine have eamed $436,097. Monéy never 
stops. Free information. Booklets, 507M Oak 
Drive, Friendswood, TX 77546. 


MAKE MONEY in gum machines. Mine have 
earned $298,697. Start with as little as $50. Free 
information. Making money 11191 Westheimer 
265A Houston, TX 77042 

MAKE MONEY taking pictures. Free informa- 
tion. Camera Ventures, Box 771, Lamarra CO 
81052-0771. 


NEON COURSE, self-taught. Free sample les- 
son. Peter Horsley Publications, 115 Riverbirch 
Cr. SE Calgary, Ab., Canada T2C 3М1. 


NEON, Course: With Free Video! Tells How, 
Neonix, Box 5039, Falmouth, Virginia, 
22403-0639. 
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NEW 2000% PROFITS --in moldmaking/ 
Casting. Free information: Caster, Box 
16586(P8), Memphis, TN 38186-0586. 


T-SHIRT PRINTING MACHINE 


ES We manufacture professional 
* * single and multi-color screen 
M printing equipment. 
Inexpensive. Call for 


brochures, prices and 
information pack on the 
versatile AZTEC 1000 T-SHIRT 
SCREEN PRINTER. 


CATCO MFG. CORP. MIAMI, FL 800-869-6338 


NEW! GROW EXPENSIVE PLANTS, SELL 
FOR 2000% PROFIT. Free information. GROW- 
BIZ, Box 306-88. Seminary, MS 39479. 


OWN YOUR MAIL ORDER BUSINESS SELL- 
ING BOOKS. TPCE, BOX 4113, TORRANCE, 
CA 90510 


PIANO TUNING PAYS: Leam with approved 
home study course, Diploma granted. American 
Tuning School, 17050 Telfer Dr., Morgan Hill, CA 


ВЕ YOUR OWN BOSS (к 


RECORD VIDEOTAPES - At Home. $5,000 


Monthly Possible. No pornography. Free Details. 
Write: CMS Video Company, 210 Lorna Square - 
#1635, Birmingham, AL 35216 


RECYCLE (AMAZING PROFITS MADE) Re- 
conditioning Automoblie Batteries! (Free) In- 
formation! Battery Outlet, Box 3300PS, Hickory, 
N.C. 28603-3300 


SMALL SAWMILLS! Effective Low-Cost Lum- 


ber Grading/ Marking 


| System. Call Joel 
1-800-801-9037 


SPARE TIME FORTUNE in Vinyl Repair. Huge 


demand. Exceptional profits. Everything sup- 
plied. Details free. VIP, 2036 Montrose, Chicago, 
60618. 


START YOUR OWN BUSINESS complete 
packet $5 (refundable) DMC Enterprises P.O. 
Box 8125, La Crescenta Ca 91224 


Thousands Weekly processing mail! Send 
SASE: QM, Box 681, Copperas Cove, TX 
76522. ; 


TRAVEL AGENCY START YOUR OWN $3870 
NO ARC BOND. Information. 800-926-5600 24 
hours. Limited time offer. 


TYPING- Hand Addressing. $500 Weekly possi- 
ble. Write: National, Box 104-P.S., Island Park, 
New York 11558-0104 


BUY IT WHOLESALE 


31,497 Products, Direct... TAIWAN, PHILIP- 
PINES, HKONG, MEXICO!! 500% Savings... 
Ecco-J4, Shalimar, FL 32579-0739. 
Japanese Soaking Hot 
Use indoors or out. Wholesale pricing 
i For Free lit.. contact: 
Old Faithful Hot Tubs 


; 131 Wallace Av. Ste 6 | 
hui ii iF l 1/3 манат inim 


TTT Tre — (6100 873-7725 


BUSINES CARDS - Save 60%! Custom Made, 


Top Quality, Raised Print. Catalog - $3.00. | 


Master Imprinters 14250 HWY 561A Clermont, 
FL 34711 


FAMOUS NAME REPLICA WATCHES. Au- 
thentic Re-creations. Excellent Quality. 
Wholesale Prices. Brochure. 1-800-553-4334. 


FREE 600,000 ITEMS, Wholesale Directory 
(LSASE) TNT, Box 2614P, Big River, CA 92242 


Long-range cordless telephones. For export. 
Excellent sound quality and reliability. 
1-703-745-2223. 


WHOLESALE Bargains, Freebies, Giveaways. 


Closeouts. 90% savings. Wholesale, Box 
51488-Y, Ontario, CA 91761 


e 


CABLE CONVERTERS, ACCESSORIES BE- 
LOW WHOLESALE! Immediate delivery from 
giant stock! COD orders only. 1-800-995-1749. 


CABLE/ SATELLITE DESCRAMBLING. Real 
technical information. Free Catalog. Voice/ FAX/ 
BBS 716-874-2088. 


* CABLE EQUIP. x 


REPLACE ALL MODELS 
MONEY BACK GUAR. 


1 YR. WARR. FREE CAT. 
LOW PRICES • AVOID RENT FEES 


1 -800-243-3967 


CABLE DESCRAMBLERS, test turn-on kits. No | 


catalog, no 800 number equals your lowest 
price. Call everyone else, then call us for the 
best price. We will buy or repair your cable 
equipment. No Florida sales. (305) 425-0751. 


CABLE TV | 
| DESCRAMBLERS | 
| CONVERTERS | 


| ACCESSORIES 1 


SAVE SSS DON’T RENT 


i 30 DAY MONEY BACK GUARANTEE | 
PANASONIC, OAK, JERROLD, 
Î ZENITH, SCIENTIFIC ATLANTA | 


PLUS MORE!!! LOWEST PRICES!!! 
AA Electronics 


ICALL 1-(800)258-9512! 
L. „1 


Cable /Satellite Descrambler actually "cleans" 
all picture distortions GUARANTEED. Send 
SASE - Info, $14.95 -Plans, $94.95 -Kit. Mystical 
Electronics, P.O. Box 481, Cooper Station, NY, 
NY 10276. 


CABLE Test Chips. Puts cable box into full 
service mode! $29.95 to $59.95. 
1-800-452-7090, (310)902-0841 1 


CABLE-TEST CHIPS As low as $9.95 For 
Testing Cable Boxes in Full Service Mode. 
JERROLD; PIONEER; PIONEER CUBES: 
TOCOM 5503/5507; SCIENTIFIC ATLANTA; 
ZENITH: REMOTES $10; NE ENGINEERING 
(800) 926-4030 


CABLE T.V. EQUIPMENT | 
10 Years Experience 


Zenith, Jerrold, Scientific Atlanta 
Pioneer, Tocom 


30 day money back guarantee 
Test Aids Available 
Visa/MC/COD | 
NEW TRONICS | 
800-256-2880 


CABLE TV CONVERTERS. Jerrold, Zenith, 
Pioneer, Oak, Scientific Atlanta, and many more. 
12 years experlence gives us the advantage. 
Visa/MC AMEX C.O.D. Advantage Electronics, 
Inc., 1-800-952-3916, 1125 Riverwood Or., 
Burnsville, MN 55337. 


CABLE T.V. CONVERTERS, DESCRAM- | 


BLERS. Scientific Atlanta, Zenith, Jerrold, Pio- 
neer, Oak. Replacements for most models. 
Quality, Price and Service. Visa M/C, Dealer 
inquiries invited. EAGLE Electronics Inc., 
1-800-259-1187, Number One, 1301 Railhead 
Blvd., Naples, FL 33963. 


CABLE TV CONVERTERS! JERROLD, OAK, 
ZENITH, SCIENTIFIC ATLANTA, PIONEER... 
EXCELLENT PRICES! PERSONABLE SER- 
VICE! 30 DAY MONEY BACK GUARANTEE! 
INNOVATIVE ELECTRONICS INC., 
800-493-5474, ASK FOR JOHN OR BILL. 


Cable 
DESCRAMBLERS! 


| These are the ones you ve | 
been Looking for! 


COMPLETE LINE OF ALL MAJOR BRANDS 
INCLUDING TURN-ON CHIPS 
AND ALL ACCESSORIES. uu 
LOWEST PRICES? o овоз? 
NOBODY BEATS USI "^ 
20 Day Money Back Guarantee 
— — FREE CATALOG —— 


1-800-618-7480 
| Call 24 Hrs - 7 Days a Week 


WE SHIP IT TODAY - YOU GET IT TOMORROW! 


NOTE: "5258 Have Make & Model # 
4 of Equipment Used ir Your Area 


National Electronic Wholesalers ** +++ 


CABLE TV CONVERTERS & DESCRAM-, 
BLERS. Wholesales welcome! Call today for - 


free catalog! PERFORMANCE ELECTRONICS 
INC. 1-800-815-1512, 233 North 48th, Suite 
MBE, Lincoln, NE 68504-3512 

CABLE TV DESCRAMBLERS -- NOBODY 
BEATS OUR PRICE! Quantity Discounts, 24 
Hour Shipping - All Brands. Call V.C.. 
1-800-677-0321. 


CABLE TV DESCRAMBLERS, CONVERT- 
ERS, COMBOS, DEALERS DISCOUNT. CALL 


NOW. WE'LL BEAT THE COMPETITION. UNI- | 


VERSAL SALES 800-647-2371 


Revolutionary Technology: Universal Box 
Works On Jerrold Cr Pioneer Systems 
1-800-676-6342. 


SCIENTIFIC ATLANTA AND JERROLD 
DESCRAMBLERS. LARGEST SELECTION, 
NEW EQUIPMENT. CALL EVERYONE ELSE, 


THEN CALL US FOR THE BEST PRICE. NO , 


CALIF. SALES. ACME CABLE PRODUCTS 


| *(209)431-9111** 


SECRET CABLE DESCRAMBLERS! Build 
your own Descrambler for LESS than $12.00 
in SEVEN EASY STEPS! RADIO SHACK 
Parts List and FREE Descrambling Methods 
that COST NOTHING To Try, Included. Send 
$10.00 to: INFORMATION FACTORY, P.O. Box 
669, Seabrook, Texas 77586. For C.O.D's 
1-713-922-3512 Any Time! | 


SUPER CABLE TV "TURN-ON CHIPS." Pro- 
vides Full Service Activation. FACTORY DI- 
RECT!! 
Tocom, Zenith, Pioneer, Scientific. Atlanta. 
CALL NOW!! MASTER COMPONENTS. 800- 
233-0570. 


TV CABLE/SATELLITE ("GRAY MARKET") 
DESCRAMBLE EXPOSE, 160 pp., illustrated, 
with vendor lists for chips, parts. Law, coun- 
termeasures, much more! $23.75 « $3 s/h. 
Check/MO to Index, 3368 Govemor Dr. Ste 
273-A, San Diego CA 92122. Credit cards only 
800-546-6707. 


CABLE TV CONVERTERS 


Save $100's 
АІ makes and models 
"Years of customers 


complete satisfaction 
«Quality Equipment 
‘Shipped within 24 hrs 
*Free catalog 


L&L ELECTRONICS INC. 
1430 Miner St. Suite 522 Des Plaines, IL 60016 
1-800-542-9425 


Purchaser must agree to comply with ahh State and Federal 
laws regarding private ownership of cable TV equipment. 


Excellent instructions! Jerrold, . 


CABLE EQUIPMENT 


C A 8 L Е T V 
Hamline 
Pioneer 
Scientific 
Atlanta 


1-800-826-7623 


3854 Kennebec, Eagan, MN 55122 
30 DAY TRIAL 1 YR. WARRANTY 


VISA MC AMEX DISC COD 


»OLICE-FIRE SCANNERS, CB'S MARINE 
2-WAY, ANTENNAS, НРА, BOX 19224PS, 
JENVER, CO 80219. 


CLASSIC CARS 


"BEST PHICES 
Sa2IHd 1539 


BATTERY 

MASTER SWITCH 

Patent Pending e) шр сч 

Сап fit post, = | 
, lug or side 

terminal batteries 


pow all electrical amu with a simple turn 
of the knob. Attaches to battery in minutes. Heavy 

duty. Suitable for 412 or 24 volt айнан. 

| Eliminates battery drain, prevents electrical fires, 

provides emergency cut-off, 


| Remove knob to stop theft and 
unauthorized operation. $1 4. 9 B ea paipai 
Add $1 for side post adapter 


BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 


1 814-684-2603 


Quantity discounts-12 units or more. 


| COMPUTERS 


ACAD COMPUTER HOUSE PLANS ON DISK 


W/PRINTS- $99.00. DISTRIBUTORS 
WANTED. FOR INFO KIT SEND $10.00 TO 
MESA, PO BOX 923, REDBLUFF CA 96080. 


AWESOME GAMES, and applications for IBMs/ 
compatibles. "Try before you buy." FREE CATA- 
LOG (800) 821-7625 


BUILD YOUR OWN COMPUTER for under 
$200. Send $5 for catalog info package Union 
Technologies, 334 Glenridge Ct., 
NC 28079 


COMPUTER TOO OLD? Save Money, Upgrade 
your XT/ AT! $149- 386/40, $249- 486/33. 
Complete Kit. Easy Instructions. CompuBoost. 


.1-800-362-5053 
س 


FREE CATALOG- ON- DISK. IBM Compatible | 
ShareWare. ASP Approved Vendor. BUSTER | 


SOFTWARE, 1 -800-598- 7238. 


PHOTO REALISTIC USING YOUR PRINTER. 
$10.00 SPECS.; WHERE TO BUY REEL- i 
BOX 34644-5, CHICAGO, IL 60634. 


COMPUTER SOFTWARE 


Computer Software, Free. 1000s of programs 
for pennys each. $3.00 shows how. Bradley 
9313B Notredame, Indianapolis IN 46240 


CONTACT LENSES 


BUY YOUR CONTACT LENSES (ALL 
BRANDS) AT WHOLESALE PRICES. 70% 


AVINGS, EXAMPLE-DISPOSABLES @. 


17.00. IN FORMATION 800-521-3511 


DO-IT-YOURSELF 


200 MPG? Copy Of Actual PATENT TELLS 
ALL! GET YOURS! $2 Postpaid! Exotic Catalog 
FREE With Order! IFL, 2712 Cramer Road, 
Spencer, OK., 73084 


BUGGED? PHONE TAPPED? FREE Catalog of 
counter-Surveillance Equipment tells you Fast! 
(800) 732-5000 


Easily design any Geodesic Structure, No 
complex math. Complete information $8.75. 
Geodesign PO Box 741 Warrenton, MO 
63383-0741 


Indian Trail, 


DO-IT-YOURSELF 


$$$ FOR YOUR D.I.Y. IDEAS/PLANS. Pub- 
lisher seeks ingenious, unique, off-the-wall but 
practical home project ideas/plans/hints. For 
INFO, Send SASE to: LAMELLA PRESS, 1916 
PIKE PLACE #12, STN 855, SEATTLE, WA 
98101 


DON'T THROW AWAY THAT USED 


COPIER OR PRINTER CARTRIDGE! _ 
REFILL IT | CANON" COPIERS | 
SAVE OVER 75% | $19.95. е 
LASER PRINTERS 
p gp СЫ 995 — 
INCORPORATED Order or ere il | SHARP: COPIERS | 
9132 Windsor Ог = (b (708) 508-0580. | XEROX' soon | 


Palos Ніз. IL 60465 Er FAX 708) 5029003 | $29.95 - 


Do it yourself 
it's easy 


Install Your Own Alarm System in your auto- 
mobile. $10.00 or less. Easy, simple instructions. 
Guaranteed Effective as higher cost alarms. 
Send $2.00 SASE JVC Services. 2003 Miller Ct. 
Granbury, TX 76049. 


WORLD,S SMALLEST 


FM TRANSMITTER 


| ALL OTHERS OBSOLETE! | 
Mew Surface Mount Technology XSTS500 
(SMT) makes the XST500 the 

smallest most advanced FM trans- 

mitter you can buy! Powerful 4 

stage design providas greatest 

range of any unit available today 

It can transmit whispers up to à 

mile away. Powered by SY battery, 

it works with any FM receiver and 

is easily tuned over tha FM radio 

band. Order aur easy to assemble 


E-Z Kit with all chip components РЕТТИ TG И 

pre-assembled to the circuit board. Eire EE Г. LS ME 
CHECK, VISA, MC, МО ШЕ ДД nd | 

$44. 95 or COD, S&H EXTRA OTHER PRODUCTS! 


SATISFACTION GUARANTEED. Emm 7 


1-800-336-7389 кыз 
XANDI ELECTRONICS - SINCE 1981. 
. 201 E Southern Ave, Sulte 205, Tempe, AZ 85282 


POORMAN'S INFINITY TRANSMITTER! 
Monitor room conversations! $2.00 part converts 
any telephone! Plans $1.00, Free Catalog, 


| Electrornart, Box 4, Carthage, TX 75633-0004. 


PROPANE BLOW TORCH. Illustrated Manual. 
Cheap, Easy, HOT. $8.00 to JECO Industries 
Box 708 Waterloo, IN 46793 


REPAIR FOAM ROT 
FOR YOURSELF! 


| SAT will save you hundreds of dollars! All 
fires including AR, Advent. BOSE, JBL. 
Surrounds, adhesive & instructions 
$27.95/pr. BOSE 901's $67.95/pr. (inci 
S/H, No COD' s) Do it yoursalf with SAT! 


800-747-3697 MC/ VISA 
STEPP AUDIO TECHNOLOGIES 


704-637-3001 jM „Д 
РО Вох 1088, Flat Rock, МС 28731 Incl make & model wor 


SPEAKER FOAM EDGES ROTTED? DIY 
Foam Replacement kits for Less. Visa/ MC/ 
Discover. SIMPLY SPEAKERS: 
1-800-767-4041. 


SURVEILLANCE. 
COUNTERSURVEILLANCE- WE HAVE 
EVERYTHING! Catalog $5.00 PEP. Box 
930024-S, Norcross, GA 30093 


SURVEILLANCE, COUNTERSPY, PROTEC- 
TION. Guaranteed Lowest Prices! Catalogs 
$5.00 PROTECTOR, Box 520294-A, Salt Lake 
City, UT 84152 801-487-3823 


Surveillance/ Countersurveillance Bugging’ 
Phone Tapping Detector Telephone/ Fax Encr- | 


yption, 
Transmitters Kit, 
(718)253-3637 


TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office or 
home Connects between any casselle or tape 
recorder and your ieiephone hne Starts auta 


Vehicle Tracking, Covert Video, 
And More...A.B. Electronics 


г. SES of conversation 51005 recorder when 
* phone is hung up 


EACH сну Dx ave 


Super Powerful FM TRANSMITTER 
Many mes more powerful (han other Iransmiters 
Transmits up to % mele 10 any FM rado -Easy To 
Assemble КИ - up to SV banery (nol mc! ) 
For catalog of Transmiters. Voce Scrambiers and 
| other specialty &ems enciose $7 00 fo USI Corp 


Call 407-725-1000 or send $19.95 + $1.00 
shipping per itam to: USI Corp., РО Box 
PS-2052, Melbourna, FL 32902 coo OK. 


DO-IT-YOURSELF 


SURVEILLANCE TELEPHONE $175.00. DI- 
ALER TAP $229.00. REMOTE TELEPHONE 
RECORDER $479.00. 800-633-8277. $5.00 
CATALOG. LISTEN ELECTRONICS 603 EL- 
GIN, MUSKOGEE, OK 74401 


AMAZING 


ELECTRONIC PRODUCTS AND DEVICES 


Telephone Line Grabber! Multi-tunction device: 
listen in to your premises remotely; or access existing "ongo ping" 
phone conversations, Also includes доба 


Easy to assemble. TELGRAB1 Plans... 1000 
TELGRABIK Kit (minus enclosure). $9950 г m" 
| | TV/Radio Joker Kit m А Ve 
| One of the best high tech gags! AT sind) lez 
ЕЈКІК.. 82480 С} FT 


Laser тусетт; уран System = hear sounds | 
from an area ма а lite beam (kit avail) LLIST20 Plans .. $20.00 | 


3 Mile+ FM Voice Transmitter 
UN sensitive, hgh pertormance kit 

| t low cost FMVIK .. m 939.90 

3 Mile "west. Phone FM Transmitier Kit tr ransmits both 
Sides of phone conversation. VWPMTK nosinis $39.50 

Phone Taping System 


Automatic , ready to use, complete 2%) 


with 4X extended play recorder, TAP20X.... ^ 9129, 50 

ему: Visible Red Laser Kit | 
P al Produ ces 1 milio n temp equ Jr. dia $59. 50 шг 

| FREE CATALOG! With Or der - 


Or Send $1.00 nis 
MC-VISA-Checks welcome - add 34.00 


nn à EM cm 
РАН co u's Ж dd 54 реа: 1 


INFORMATIO N U NLIMITED 


РО ВОХ 716 DEPT Р5193 AMHERST, NH 03031 
Orders 800-221-1705 Ing's 603-673-4730 Fax 603-672-5406 


ULTRACOVERT 1.5" VIDEOCAM, UNDER 
$200! Video Transmitters, "Toyvision," Pinhole 


Bodycams! "Affordable Microvideo' Catalog, | 
$3.00. SUPERCIRCUITS, 13552 Research | 


Blvd. #B-3, Austin, TX 78750 


SURVEILLANCE 


Phone Recorders* Vehicle Tracking 
| *Transmitters*Covert Video*Voice Changers 
«Caller IDsBug/Phone Tap Detectors 
*Locksmithing*Shotgun Mics*And More... 
FOR CATALOG SEND 55.00 TO... 
(D) Ро. Box 337, Buffalo, NY 14226 (716) 695-8660 


GET 2 TRANSMITTERS 
FOR THE PRICE OF 1! 


Law Enforcement Grade Device on 
single IC CHIP is а Room & 
ele transmitter all In опе! 
eSimple 5 minute assembly! 
Ne circuit board soldering! 
eMONEYBACK GUARANTEE! 
Attach the VT-75 microtransmitter chip to 
any 3V to 12V battery and you can hear 
every sound in an entire house over 1 mile 
away! Tiny IC chip uses the most advanced 


anywhere on af 

telephone line and monitor both sides of all f 
phone conversations - crystal clear - without 
а battery] Tunes from BO 10 

130MHZ! The VT-75 is powerful Maitt | 

so it transmits farther - even 

and bu - where tiny PC boards genes 
limited circuitry just can't. Want the smallest 
room transmitter you can buy? Just power 
Bthe VT-75 with a hearing-aid a and it 

still outperforme all others! E DONT | 
MAKE FALSE CLAIMS. Our УТ. 75 5 бе 


microtransmitter with miniature microphone 
and instructions 10 use 
ке transmiter - 


shipping by U. S. Mail. COD's add $4. 


BOX 607 
BEDFORD HILLS, NY 
10507 


CALL 914-232-3878 MHRS 


INDUSTRIES* 


.LA SALLE UNIVERSITY, Dept. 


DO-IT-YOURSELF 


|SPY SUPPLY} 


Find out why the 
Ї CIA — FBI — DEA — і 
| SECRET SERVICE 
Have ordered from our 
catalog! 


SPY SUPPLY, INC. 
1212 Boylston St. #120 
Chestnut Hill, MA 02167 

(617) 327-7272 


| j 
1 | 
[ To receive yours, send $5.00 to: і 
| | 
| | 


EDUCATION & INSTRUCTION 


BECOME A PARALEGAL. HOME STUDY. 


P.C.0.1., ATLANTA, GEORGIA. FREE CATA- 


| LOGUE. 800-362-7070 DEPT.LLK109. 


LEARN PRIVATE INVESTIGATION. FREE In- 
formation. Valley Press, 515 North Third, Paden 
City, WV 26159. 


l Eam A Dearee эм 4 


Earn A Degree t 


| In Electronic 
Engineering З 
Fully accredited with over 150,000 "ома ex f 
world-wide graduates. Founded in 1934. Send 


for Free Home-Study Course Catalog. Cleveland 
fer of Electronics, Dept.AZPO7 ,1776 East 
17th a. Cleveland, OH 44114-3679 


FREE VIDEO External BA/BS, MS/MBA, PHO» 
LAW. Accredited, financial aid, (B00)688-3542, 
#618, Man- 
deville, LA 70470-4000. 


PARALEGAL GRADED CURRICULUM. Ap- 
proved Home Study. Affordable and Compre- 
hensive. 100 years of legal training. Free catalog 
(800-826-9228) Blackstone School of Law, P.O. 
Box 871449, Department PS, = TX 75287. 


f Lear to fix computers! "m 


Home study program. Earn 
great money repairing, trouble- 
shooting, servicing, and install- 
ing PCs. Free literature. [| 


Call 800-223-4542 


The School of PC Repair, i 


С 5 6065 Roswell Road, 
^ Dept.JJJ109, Atlanta, GA 30328 
| Д 


PRIVATE INVESTIGATION TRAINING! Big іп- 
come! Own Boss! FREE Information. Probe, 
P.O. Box(PS) 2133, Beverly Hills, CA 
90213-2133 


" 
Be a home inspector! | 
Train at home-learn what the - 


itable home inspection business. Î 

G Free literature: 800-2 
| Name Аре І 
Address ——  — = l 
OE o State Zp І 
= School of Home Inspection 


ИШ Dept. PPJ109,6065 Roswell 
=" Road, Atlanta, Georgia 30328 


| SOLVE TRIANGLES in seconds. CHILD can 


learn in 30 minutes. $6.00 Lamothe, 5908 
Adderley, Long Beach, CA 90808 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, DOC- 
TORATES. ACCREDITED, INEXPENSIVE, . 
FAST. FREE INFORMATION. DR. JOHN 
BEAR, PO BOX 826Р5, BENEICA, СА 94510. 
800 835-8535. 


WANT А FREE COLLEGE EDUCATION? for 
SCHOLARSHIP KIT, send $5.00 money order 
to: Capitol Enterprises, Scholarship Dept.-3, 
P.O. Box 31247, Washington, D.C. 20020 
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EDUCATION & INSTRUCTION i 


WHY AMERICANS READ AND SPELL 
POORLY. 80 years of decline exposed. Phonics 
suppressed. Great gift for teachers, parents, 
legislators. $10, EMC, Ten Swett Road, Win- 
dham, ME 04062. 


ШЫН ШЕШ ШЕШ ШЕШ ШШ ПЕШ BN B | 
{ Learn VCR repair! Æ 
pair study. pem high-profit 1 
[== oe га и ИШ Ден ا‎ 
l Call 800-223-4542 
р те The School мса | Repair T 
6065 Roswell i 


Шш шыш пыш пыш шыш шыш шып шыш | 


ELECTRIC VEHICLES | 


` VOLKSWAGEN CONVERSIONS! FREE IN- 
FORMATION. PUBLICATIONS 
INSTRUCTIONS, VIDEOS, COMPONENTS. 
KAYLORKIT, РОВ 1550PS, BOULDER 
CREEK, CA 95006-1550 


ELECTRICAL SUPPLIES & EQUIPMENT 


Infiniter™ 
Laser Pointer 


\ Attracts the attention of your audience | 


$68 Black or Silver 
$88 Gold 


2 “AAA” Batteries included 
1 year warranty 


See Us At 
COMDEX 
& CES 


FDA APPROVAL 
PATESTED 


For: 

*Conferences 
*Presentations 
*Marketing Sales 
*Lawyers *Doctors 
*Real Estate Brokers 
*Lectures *Teachers 
*Executives *Engineers 
*Scientists *Inspections 


Please Call 800-520-8435 
| Quarton vsa, cr». co. 


7042 Alamo Downs Parkway, Suite 250, 
San Antonio, Texas 78238-45]8 
Tel: (210) 520-8430 Fax: (210) 520-8433 


EMBLEMS, PATCHES, DECALS 


CUSTOMIZED PATCHES, PINS, DECALS. 


FREE CATALOG, STADRI, 71R TINKER 
STREET, WOODSTOCK, NY 12498 
(814)679-5600. 


EMPLOYMENT INFORMATION 


EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS AT HOME. TOLL FREE 
1-800-467- 5566 EXT. 8060 


INTERNATIONAL Employment. Free details! 70 
Chartres, Unit P, Montreal, Quebec, Canada, 
H9A 1J7. Fax: 514-421-6831 


RESUMES CUSTOM PREPARED "RentA- 


Secretary" $29.95 1ST Aide Secretarial, Epping, | 


NH 03042-0371 


STOP! NEED A JOB? Assemble easy products 
from home! 1-800-377-6000 ex6055. 


HELP WANTED | 


$1,500 WEEKLY mailing our circulars!... GUAR- 
ANTEED!.. Begin NOW!.. FREE packet! 
MESA-L2, Box 4000, Cordova, TN 38018-4000. 


EARN MONEY Reading books! $30,000/yr In- 
come potential. Details. (B05) 962-8000 Ext 
Y-20025 


Excellent Income! Assembling easy products at 
home. Program Guaranteed! 1-800-377-6000 
ext.6050. 
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HELP WANTED WM X 9 For INVENTORS 


HOME TYPISTS, PC users needed. $35,000 
potential. Details. Call (1)805 962-8000 


Ext.B-20025. 


ENERGY SAVING 


$329.84 Weekly Assembling Products At Home. 
Free Information. Toll Free 1-800-333-3294 
(Message). 


FLUE RADIATOR-- Recovers furnace stack 
heat. (Free brochure) Stoneberg MFG., Broc- 
kport, PA 15823-9744. 814-265-1998. 


SOLAR, GREENHOUSE, AQUACULTURE, 
ENERGY SAVINGS CATALOG! 50 pages. Fea- 
turing Sun-Lite(tm). Solar/electric vehicles, con- 
version kits and components. $2.00 post- 
paid. Solar Components, Dept. PS, 121 Valley 
St., Manchester, NH 03103. 


FINANCIAL 


American VENTURE or expansion CAPITAL. 


| $.5-$12.5 million. Call or Fax 903-597-2719. - 


| DEBT CONSOLIDATION. Reduce Interest. Cut 
| payments 30--50%. Stop collections. Avoid 


Bankrupcy. Licensed/ Bonded. (Non-profit) 
MCCS (800) 590-7474 


FEDERAL LOANS for small business now 
available. 1-800-777-6342 for free detail. 


GUARANTEED TRIPLE A CREDIT IN LESS 
THAN 2 MONTHS. instant MONEY. FREE 
bonus. $5.00 EHD Enterprises, 11214 Pines 
Blvd., Suite 112, Pembroke Pines, FL. 33026. 


OVERDUE BILLS? Bad credits no problem! 
Licensed/Bonded. Applications to $50,000. Not 
loan. company. TCAC. Dept PS, Р.О. Box 
26397, Birmingham, AL 35226 or call (BOO) 
869-0607 


Quick CASH. No Collateral. No CREDIT check. 
No Front Fees 714-665-5022 Guaranteed. 


FOREIGN NEWSPAPERS 


WORLDWIDE ENGLISH NEWSPAPERS/ 
MAGAZINES! SAMPLER: 3/$2.98 FREE BRO- 
CHURE. MULTINEWSPAPERS, Box 866-38, 
Dana Point, CA 92629 


FOR INVENTORS 


WORK DIRECTLY WITH 
REGISTERED PATENT ATTORNEY 
AND ENGINEER 
. 31 YEARS COMBINED ENGINEERING 
AND PATENT EXPERIENCE 
U.S. & INTERNATIONAL PATENT APPLICATIONS 
Patent and develop your idea with the 
experience of an expert. Call or write for 
free 148 page brochure, confidential ad- 
vice and forms for confidential disclosure 
and record of invention. 
Overseas production, prototypes 
and research readily nvallable. 
INTRODUCTION TO INDUSTRY & MARKETING PLANS 


Also specializing in 
copyrights and trademarks 


Less than 1 hr. flight time to 
US Patent Office 
MICHAEL I. KROLL 
REGISTERED PATENT ATTORNEY 


US PATENT REGISTRATION 26,755 
171 STILLWELL LA., SYOSSET, NY 11791 


Call toii free | 
us & canada | 800-367-7749 
OUTSIDE USA 516-367-7777 


FAX 516-692-2787 


$75,000 Grants for Research/ Development of 
Inventions! $400 Million yearly, governement- 
sponsored program. 50-page manual. $10.00 
602-397-4735 


AVOID INVENTION SCAMS- Free investigative 
reports exposing invention marketing compan- 
ies. Patent Research 1-800-428-5779 


DON'T BE FOOLED! CALL OUR INVENTORS 
CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793 


ә 


EXPENSES PAID while you work on your 
invention. Write for details to: Inventor's Hand- 
book, 115 Riverbirch Cr. SE., Calgary, Ab., 
Canada, T2C 3M1. 


FIXED FEE PATENT Applications. Contingency 
Patent Licensing, Enforcement. David Fink, Esq. 
203-325-3344 


FREE help for inventors! No charge for protec- 
tion forms and information kit. Affiliated In- 
ventors Foundation. 1-800-525-5885 


FREE INVENTION PACKAGE: Davison & As- 
sociates offers customized Development, Pat- 
enting, and Licensing. Proven Results: 
1-800-677-6382 


HAVE AN IDEA? INVENTORS for FREE IN- 


FORMATION PACKAGE/FREE REVIEW, call 


FREEDOM MARKETING, INC (800) 932-4298. 
== = ========—=—=== 


The Logical Process ® 


Inventors 
Your first step is important!! 
Comprehensive patenting 


and- marketing service. 
Advanced Patent Services, Inc. 
Washington DC 


| Сай for free advice 800-458-0352 | 


INVENTORS! Can you patent and profit from 
your idea? Call AMERICAN INVENTORS 
CORP. for free information. Serving Inventors 
since 1975. 1-800-338-5656. 


INVENTORS’ DIGEST. Americas ONLY In- 
ventor's Magazine. $22/year. Satisfaction guar- 
anteed. 1-800-838-8808. 


INVENTORS - NEVER SEND IDEAS TO 
STRANGERS! AVOID SCAMS - 
SANDS! REVOLUTIONARY IDEA 
PROTECTION/MARKETING METHOD! NON- 
PROFIT ORGANIZATION. FREE 
INFORMATION-24 HOURS: 1-800-846-3228. 


INVENT SOMETHING? ESI Inc. links uncon- 
nected individuals with decision-makers. Free 
brochure supplied. (800) 547-7885 


MARKETABILITY OPINION - before patenting. 
Former Director Marketing Nation's Largest Pat- 
ent Law Firm. Confidential Review. FREE INFO 
24/HR 202-686-4772 


PATENT AND DEVELOP Your Invention. Regis- 
tered Patent Agent and Licensed Professional 
Engineer. Send for FREE PATENT INFORMA- 
TION Every Inventor Should Have. Richard L. 
Miller, 12 Parkside Drive, Suite-N, Dix Hills, NY 
11746-4879. (516) 499-4343. 


PATENT IT ECONOMICALLY! Free details. 
Licensed since 1958. Rainer Associates. 2008 
Fondulac, Richmond, VA 23229 


PATENTS DEVELOPED. MARKETED BY 
PROFESSIONAL PATENT ENGINEER, U.S. 
PATENT'S OFFICE FORMER EXAMINER & 
MANUFACTURERS REPRESENTATIVE. Free 
invention Protection Certificates. PATMART, 
Suite 702 PS, 233 Broadway, New York, NY 
10279 


" : 
REGISTERED PATENT ATTORNEY, FORMER 
PATENT EXAMINER. FREE PATENT! 
TRADEMARK INFORMATION. MARK 
BENDER 1539 Franklin Avenue Mineola, NY 
11501. 1-800-689-6777 


REGISTERED PATENT ATTORNEY. D.A. Ket- 
tlestrings. Free patent/trademark information. 
1-800-966-7577. 


REGISTERED PATENT ATTORNEY David 
Thompson. Free patent/cost information 24 
hours: 1-800-410-3943. 


S.E.L.L.tm YOUR IDEA! Discover our exclusive 
S.E.L.L.tm SYSTEM for New Product Develop- 
ment. For free information, call Harshaw Re- 
search 800-451-1326. 


VIDEO INVENTIONEERING. Video Of Your 
Patent with voice music, animation. Low Cost. 
Sample $14.95 + 3,75 S&H Visa/MC. Martec 
Products International. PO Box 375, Fenton, MI 
48430 1-800-3 MARTEC. 


" 


SAVE THOU- . 


Whole House Surge Suppessor- Reynolds Ra 


FOR INVENTORS 


Video Of Your Patent with voice, music, anima 
tion. Low Cost. Sample $14.95 + 53.75 S&F 
Visa/MC. Martec Products International PO Bo 
375 Fenton, MI 48430 1-800-3-MARTEC 


FOR THE HOME 


MAKE PURE DRINKING WATER cleaner tha: 
bottled yet 1000% cheaper. Info $20.00, Chan 
142 Alderwood, Kissimmee, FL. 34743. 


diant Barrier Insulation- SASE HEI, Box 50072 
Knoxville, TN 37950 


GAMES & PUZZLES 


Random Dot Stereograms. Free Sample wi 
LSASE. Imaginix, PO Box 700473-P, San Jose 
CA 95129 | 


HEARING AIDS 


HEARING AIDS - GUARANTEED LOWEST 
PRICES! No huge commissions. Home trial 
terms. All makes. We're the oldest, biggest, best, 
Custom instrument specialists. Free informal 
tion, (800) 323-1212. Lloyds- PSC. 


TOP QUALITY- HUGE SAVINGS- FREE САТА: 
LOG. Home trial. SCI HEARING 3242 W. 152nc 
Str, Gardena, CA 90249 Call 1-800-414-1551 


FREE 
CATALOG! 


| New a Ales 


- All Models ANY 
* Huge Savings MI | 
* No Salesman Q Ра 
Try Before You Buy! 
Write: Rhodes Hearing 


20112 Ohio St., Brookport, IL 62910 
1-800-453-4905 (24 hrs.) 


.. HOME PROTECTION 


DETER BURGLARS with authentic ELEC- 
TRONIC SECURITY WINDOW DECALS ior 
home/auto, 4/$4.95 postpaid. Proteks, Box 


30277, Phoenix, AZ 85046 ^ 
HYPNOTISM 


GOVERNMENT COVER-UP. Hand Неја De- 
vice; Mind Altering Causing- Euphoria To Par- 
amnesia. For Info, Send $10, Hitek POB 951, 
Bedford Park, IL 60499 


INVENTIONS 


INVENTIONS, ideas, new products! Presenta- 
tion to industry. National exposition. 
1-800-288-IDEA. 


INVENTIONS WANTED 


GRANTS AVAILABLE For prototypes, business 
start-up, etc. TITAN BOE Box 62 Ste; 
ward, IL 60553 


INVENTORS: Free Pateniing Information. Kit! 
The Concept Network Represents people with 
new Product Ideas. Prototype or schematics 
preferred; but not required. Call today 
1 -B00-835-2246 Ext.67. 


LOANS BY MAIL - 
$ 


BORROW: $100-$100,000! FAST! NO 
COLLATERAL. PERSONAL, DEBT CONSOLI- 
DATION, BUSINESS, AUTO, RESIDENTIAL- 
1-800-444-6599 - 24 HOURS. ^ 


DIRECT LENDER FINANCING! All Credit in- 
vited to apply! Call 24 hrs. 1-800-873-1279 


LOANS BY MAIL 


DRROW $500-40,000! "Overnight" on Signa- 
е. Keep indefinitely! Action, Box 5499-Y, 
amond Bar, CA 91765 


GNATURE Loans, must have checking ac- 
iunt & steady job. Call 1-800-445-0680. 


KITES ~x 
aN COLOR 2 NA 
Choose from over 200 kites. N 
Many unusual & innovative designs. 
Call or write for your catalog today! 
Into The Wind * (800) 541-034 { 
)408-P Pear! St., Boulder, СО 80302 


MAGIC 


ROFESSIONAL MAGIC! Huge Catalog, over 
DOO Tricks and Books. $4.50. Hank Lee's 
agic Factory, Dept. Р58, 125 Lincoln Street, 
paston, MA 02111 


fODELS--SHIPS, CARS, PLANES, 
ROCKETS 


igh performance water and air powered rocket. 

asy to build from hardware parts. Plans $5.95. 

Its on request. Patrino, 6014 S. Elkins, Tampa, 
L 33611. 


VE STEAM MODELS! Kits or Assembled. 
yer 100 Different models. Stunning Colored 
ATALOG $6.95 Refundable. VIDEO $9.95. 
|[ESTERYEAR TOYS & BOOKS INC. Dept PS, 
ox 537, Alexandria Bay, NY 13607. Phone: 
13-475-1771 


MONEYMAKING OPPORTUNITIES 


[ASY WORK! EXCELLENT PAY! ASSEMBLE 
RODUCTS AT HOME. TOLL FREE. 
-600-467-5566 EXT. 6517 


XTRA MONEY FROM HOBBIES. 


HOUSANDS POSSIBLE. Details $4.95: Bay- 


[ate PO Box 191 Hopkinton, MA 01748 
MOVIES, FILMS & VIDEOTAPES - 


MNOSAUR VIDEOS! VISIT DINOSAUR 
OUNTRY! FOR ALL AGES. 50-100 min. each. 
inosaur; The Artic Expedition Treasures of The 

нега Madre Impact Earth: Why Dinosaurs 
ecame Extinct Mass Extinctions $27.99 Each. 
icludes Postage and Handling. Satisfaction 
uaranteed. Allow 4-6 weeks delivery. Send 

heck/ mo to; R.E.D. Productions, POB 17253, 

beverly Hills, CA 90209-3253. 


Dver 3500 How-To Videos! 138 p. Catalog $5. 


lobal Videos Unlimited. DeptPS Р.О. Box 
0632 Bedlord, NH 03110-0632 


OF INTEREST TO ALL 


Digital Sports Watch 514.95. SPORTS 
LASSES, Amber tint, $9.95. S&H $2.00 Visa/ 


astercard/ AmExp. 407-282-7875 Carson |=" 


lectronics, Department Р54 5955 T.G. Lee 
Boulevard, Suite 150, Orlando, FL 32822 


SPIRITUAL ADVISER. Confused? | can help. 
Mail $25.00. Catherine Regan, 253 Beaver 
ptreet, Farmingham, MA 01701 


NIQUE, 12 IN ONE SCISSORS, Stainless 
teel Magnet, Knife, Bottleopener, Wire 
Btripper, 8 more uses, Only $9.98 Send Check 
ог MO to Advanced PO Box 694 Peralta, NM 
87042. 

ATER PURIFICATION manual and catalog. 
hend $2 to Budget Systems, PO Box 12491, 
dessa, TX: 79768 


PLANS & KITS 


Dome Homes - Pre-cut kits - Superinsulated - 
Dome Tour Video Natural Spaces 
1-800-733-7107. 


| PLANS & KITS р 


ELECTROPLATING KITS Nickel, copper, 
chrome. Simple to operate. Free information. 
CASWELL Tel (315)597-5140. 


SPUDZOOKA AMAZING, LAUNCHES PO- 
TATO OVER 100 YDS! DETAILED PLANS- 
SASE $3.00. SPUDZOOKA, 4919 GLEN- 
HAVEN, OCEANSIDE CA 92056. 


[Concreie Dome III (800)608-0001] | 


Free Brochure | 
$19.95 


5, Inc 
IX 75551 


Monolithic Constructor 
PO Box 479-5 « Ital, 
| Build your own strong 
concrete Monolithic 
Dome"! Offices, a 
зае s sheds, Ш И 


cabins, rental 
units, et 


PLANS, BLUEPRINTS 


Dangerous Toys for Big Boys-1. Potatoe Gun, 
Trap, Slingshot. Plans $7. Southem Design 
4527 Mustang Alvin, TX 77511 


NINETEENTH CENTURY WALL SHELVES. 
Easy to Use Booklet. Authentic. $4.50. Creative 
Plans, 1822 Rochester Street, Lima, NY 14485 


UNDERGROUND WATER FINDING DEVICE, 
INEXPENSIVELY MADE. "PLANS" $5.95 M/O, 
JEFFREY WOODCOCK, Rt.6, Box 7583, 
CRAWFORDVILLE, FL. 32327. 


THE LOOKOUT ER AY HOU SE. | 


Build this 8x8 playhouse your kids will à 
| for vears. Heavy duty ns Hast 
design. Detailed plans EE 
only $10.95, Check oi 
Money Order. 
Send To:Practical 
Plans, Inc., Dept. 
PSO], PO Box 130833, 
Birmingham, AI. 
35213 AL. Res. add 4% 


= NNBONTES 


-Poee | Prop Uad A Пейо 
kerpes Milercs- 
Hardware Store Ports 
Small Gos Engine 
Truck ler Tubes 


SOUTHERN DESIGN 
Rt 2 Bos 161 


Ahn, Teraa 7750 


Fully ILLUSTRATED Step-by-Step 
Inexpensive PROPS & FANS 
$12.95-PLANS & Molerial List 


| PLASTICS 


CASTOLITE Liquid Plastics. Crystal clear, col- 
ors. For Casting, embedding, coating, fiberglas- 
sing, repairing and reproducing with our Mold 
Making Supplies. Catalog $3.00. CASTOLITE, 
Dept. 94K/PS, 4915 Dean, Woodstock, IL 60098 


RUBBER, plastic compounds, techniques, 
sources. Free information: Caster, Box 
16586V8, Memphis, TN 38186-0586. 


RADIO, TELEVISION 


SECRET Scanner Frequencies: Federal, Police, 
etc. Free Catalog! CRB, Box 56PS, Commack, 
NY 11725 


REAL ESTATE 


CALIFORNIA. Acreage. Lots $50 down. $50 
monthly. 4602 Ethal Ave., Sherman Oaks, CA 


| 91 423 — 


GOVERNMENT LAND now available for claim. 
Up to 160 acres/person. Free recorded mes- 
sage. (707) 448-1887 (4JG6) 


GOVERNMENT HOMES from $1 (U repair). | 
Пу. Repossessions. Your — 
area (1)805 962-8000 Ext.GH-20025 for current | 


Delinquent tax prope 


repo list. 
GOVERNMENT LAND 
US CITIZENS ONLY 


20 acre claim program still available, get yours for 
$20 govemment fea, in AK, AZ, AR, CA, CO, ID, MT, 
NV, NM, OR, UT, WA, WY. Eor complete, step-by- 


step package including maps, telephone helpline, fil- 
ing forms, etc. send $20; or for more information send 
$3. PUBLIC LANDS TITLE, PO Box 2945-Р5 Port 
Angeles, WA 98362-0336 (this is not Homesteading, 
its much easier and only costs $1. per acre). 


REAL ESTATE 


—- MONTANA — 


| Trees, Creeks and Wildlife, 20 QUALITY acres 
(and up), close to Yellowstone Park, starting at | 
$9.750. Easy Owner Financing. Guaranteed 
Access. Warranty Deed. Free Color Brochure. 
Rocky Mountain Timberlands 
1315 East Main * Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 • (406) 586-8088 


Call Toll Free: 1 - 800 - 682 - 8088 


REMAILING SERVICES. 


CONFIDENTIAL ADDRESS FORWARDING 
WORLDWIDE. VOICEMAIL MAILPOST, 
2421PS Pratt, Chicago, IL 60645, 
312-764-0100, 800-890-3199 


ROOFING 


= 


FLAT ROOFS - SAVE 70% Solve any problem. 
Any size roof. Revolutionary reinforced 
acrylic system. Easy, safe, foolproof. Proven 
25 years. We manufacture, consult, instruct. 
FREE Information: PSG Roofage, P.O. Box 
20784, Lehigh Valley, PA 18002-0784. 


STOPPING ROOF PROBLEMS > 
on flat, sloped and geo-dome roofs since 1978. 
Liquid applied Fiberglass Reinforced Acrylic 
Roofing System. [t Waterproofs. Apply on metal, 
waferboard, asphalt, styrofoam, plywood & other | 
new roof sheathing materials. For commercial. | 
industrial & residential roofs. Stops leaks & roof | 
rumble in mobile homes. Weatherproofs solar 
panels, sky lights. fiberglass roof panels. Stops 
rust on pen and structural steel, bridges, etc. 
| We still have areas 
available in various 
the FAN regions for Dealers 
and Distributors 
Inquiries are 
. welcome. 
Call POLAR SEAL 
1-800-343-7663 | 
MON-FRI 8AM - 5PM | 
FAX 1-219-356-1859 
HUNTINGTON, IN. 


Order "CUSTOM MADE" 


RUBBER STAMPS 


Gre, 
| om UPTO 4 LINES only $995 
Pach 


Мах 20 letters per ё 
INK PADS only $1.95. ea 
| Sbec^, tole Эа» Bius Hen [pen 
Add 75e per order i 5 postage & hand ng | 
THOUSANDS OF SATISFIED CUSTOMERS! 
FAST SERVICE - Your Order Shipped in 5 Days! 
QUALITY Stamp Mig Box 35514-5 Tulsa OK 74153 


SATELLITE TV | 


FULL COLOR NORTH AMERICAN SATEL- 


LITE POSTER! Used by NBC, PBS, 22"х28" 


Communications satellite arc; C-Band, Ku-Band | 


frequency tables. $14.99, (outside U.S. add $3) 
KEYSTONE, DEPTPS, P.O. 2755, Salt Lake 
City, UT 84110-2755 


SUPER low satellite prices. Free 32 page 


catalog. Satman, 800-472-8626 


100% Satisfaction | 
Guarantee 


56 Page 
Catalog Buyer's Guide 


» All Major Brands | 
: Complete Systems | 

a Accessories. 

* Huge Savings 

» Easy Installation 


» Complete Intruct, 
|| Over 40,000 Satisfied Customers | 
| m 1-800-334-6455 


TE Int! 218-738-1231. Fax 218-729-4079 
mm j SKYVISION INC, 
814. 
FERGUS FALLS, ММ 56537 


1030 FRONTIER DRIVE 
INSTALL OR UPDATE YOURSELF! 


Get Sound For Your VIDEOCYPHER Il. No | waterwise Purifiers... 


Codes Needed. $19.95. Nassirian, Box 382, 
RioLinda, CA 95673. 


| GLASSWARE, 


| "EXPERIMENTERS" 


SATELLITE TV 


| Leam How to buy satellites at wholesale prices. 


DX200 $679, Toshiba 2220 $850, Monterey95 
$1099, VC-2 Plus $349. Get free onsat and 
satellite TV week ‘subscriptions. $29.95, SAT- 
TRONICS(PS), Box 832, Northhighlands, CA 


| 95660. 


SCIENCE & CHEMISTRY 


CHEMICALS. WE CARRY ANYTHING YOU 
NEED IN LABORATORY CHEMICALS, 
INSTRUMENTS AND SUP- 
PLIES. ADVANCE SCIENTIFIC, 305-927-2700 


LABORATORY 
CHEMICALS GLASSWARE, Catalogue $2.00, 
Established 1953. Hagenow Laboratories, 1302 
Washington, Manitowoc, WI 54220. 


LABORATORY GLASSWARE, equipment, 
Vacuum Pumps. New & Used. Unbeatable 
Prices. Catalog $2.00. Reynolds’ Scientific, Р.О. 
Box 3728, Pinedale, CA 93650-3728. 


MAKE YOUR OWN ROCKETS homemade 
fuels, chemicals, plans, supplies catalog $3.00. 
PYROTEK, P.O. Box 1, CATASAUQUA, PA 
18032 717-256-3087 


SPORTING GOODS 


| Skiers, Skaters, Cyclists, If You Don't Know 


About ROLLOR-MOTOR You're Missing Lots ol 
Fun! Send $4.00 For Info To U.S. Sportcraft, 115 
S. Topanga Canyon Blvd. Suite 175, Topanga, 
CA 90290 


STAMP COLLECTING 


300 Spectacular Stamps. $1.00. Plus fantastic 
approvals! NeoTrends. SH94, Вох" 982F, To- 
ronto, Canada M3 Y2N9. 


50 Different Selected United States Stamps. 
Only $1.00. Tom Roush, PO Box 1706-M, Willis, 
TX 77378. | 

DISCOUNT, STAMPS, PACKETS, FRE LIST 
IVA, BOX 197-8, HANFORD, CA 93232 


TOOLS & MACHINERY 


4" Metal Cutting Lathe $129.15, Taig, 12419 
Nightingale Lane, Chandier, AZ 85249. 


LATHES 


‘Starting at $390 
Mills ‘Metals ‘Books 
‘Precision Instruments 

Catalog 5 1.00 
513- 377-8562 (200 number for orders), 


| CAMPBELL TOOLS COMPANY 


2100-Р SELMA RD. - SPRINGFIELD, OH 45505 


i 


BOLTS, SCREWS, TOOLS, WHOLESALE, DI- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot, Dept. 33, Box 65, Bristol, WI 53104. 


Aji m m 
WWV e 25926 


BOX 536-PS e HURRICANE 


WATER PURIFICATION 


Electronic Water Softener no chemicals or 


| plumbing needed, removes limescale from 


pipes, perfect lor septics, moneyback guar- 
antee, $399.95 call EcoSoft 1-800-275-7070 


homemade distilled. 
(800) 874-9028. Box 45982, Center Hill, FL 
33514-0459 
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Ja Years Ago 
Early Chain Saw 
mechanical saw can 


be operated by one 
man and can eut ав 


` much cordwood in a giv- 


en time as ten men us- 
ing handsaws. The saw 


. costs less than three 


cents a cord for fuel and 
upkeep. À chain and 
sprocket connected to а 
four-horsepower gaso- _ 
line engine oscillate the 
saw by means of a crank 
arm mounted on a shaft. 
The machine can be car- 
ried by two men. 
—August 1919 

The first hand-held 


chain saw was invented 
in 1926 by Andreas 


Stihl. The company 
Stihl founded represents 


the largest selling 
brand of chain saws 
worldwide today. 


Та Years figu 


Faster Planes | | 


Then airships are closely. 

compared to steamsh: ps, ` glos 
it becomes evident that me- pla | 
chanical efficiency is more es- _ 
i Sherman Mills Fairchild 
| - de рий t the first American 
ulky lan l5 plane with retractable 
ing gear on planes. Wheels landi? 
that fold up into the hull dur- clos 


sential for Speed i in ш air 


cle to с 18 the b ; 


0] Years Адо 
B-29 


he Army Air Force cagily 

reported that the B-29 
Superfortress has a “very 
long range” and a ceiling 
“well over 30,000 feet.” It did 
reveal that the wingspan is 
141 feet, the nose gear 
weighs 1,036 pounds, and it 
has four 2,200-hp engines. 
—August 1944 

During World War II, 

4,000 B-29 Superfortresses 
were built. They could fly 
5,333 miles with a full bomb 
load at 400 mph. The B-29 
Enola Gay dropped the atom- 
ic bomb on Hiroshima, 
Japan, in August 1945, 


90 Years Ago 
Post-War Cars 


ре ©СТЕМСЕ 
asked readers what 
they would like to see in 
post-war cars. Safety fea- 
tures were at the top of 


` this air drag. Open cock- 
: pits and struts between bi- 
. plane wings add addition- 
al wind resistance that 


| tors can be placed in out-of- 


the list: “I want to see the road 
ahead. Let’s cut out some of that ballooned hood and its glar- 
ing reflections. The feature most needed is driver-in-front de- 
sign. Га have an escape hatch in the rear, and opaque shutters 
to control glare from above." Other suggestions included flash- 
ing lights on the instrument panel to signal emergencies such 
as low oil pressure, dangerously high engine temperatures, 
and a nearly empty gas tank.—August 1944 
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o die bared 1920s, 


ing gear and an en- 
d cockpit. — 


co Tears Ago 
Virtual Traffic Signs 


100 Years Ago”. 


. Tunneling 

A new tele-optic device Technology 

called Holosign can pro- 
ject images into thin air. he 6,036-foot-long St. 
Highway signs could be Clair tunnel runs 
placed by remote projectors from Sarnia, Ontario, to 
directly in a driver’s line of vi- Port Huron, Michigan, 
sion, as he approaches an ex- beneath the St. Clair 
it. Once the car passes be- River. The 20-foot-diam- 
neath the sign, it disappears eter tunnel was dug us- 
from the driver’s view. Projec- ing a shield, a cylinder of 


iron twenty-one feet and 


the-way spots, so cars that six inches in diameter 


run off the road won't damage with a sharp cutting 

them. Holosigns are glareless edge. This edge was driv- 

and can be seen clearly en into the bed of clay, 

through rain or snow. which was then excavat- 
| —August 1969 ed from within the 


shield. Three shifts of 
men working round the 
clock moved two shields, 
one from each side, to- 
ward the center. 
—August 1894 

The St. Clair tunnel ts 
still used for freight and 
passenger trains. A 29- 
foot-diameter tunnel un- 
der construction next to 
the St. Clair will allow 
the passage of double- 
stacked containers on 
rail cars. It's scheduled 
to open in March 1995. 


100 Years Aga 


Garbage Power 


refuse-burning plant 
has been set up in 
Halifax, England, to sup- - 
ply electricity to the town. 
A special flue construction 
in the furnace enables it. 
to draw four times as 
much steam per pound of 
garbage as any previous 
_ experimental power gen- 
erator fueled by trash. 
—August 1894 
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So what makes a Toyota T100 truly grand? 

Well, that depends on whom you ask. 
Automobile Magazine said, "There's one 
good reason to pick the T100. Toyota is 
simply on another planet 


when it comes to quality." 


For T100 owners, the reasons are as indi- 


vidual as they are. Some say that 


no other truck comes close to Т100% 


spacious, car-like 


cabin. Others rave 


about its unique size, large enough to 
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handle a substantial payload without 


sacrificing agility and performance. 


irae REN, su risas 


sere UP TO 


ON رر‎ T100 
EXTRA VALUE 
PAC KAG ES 


And there are those who are impressed 
with T100's safety features like side-door 


impact beams and a driver-side air bag’ 


Both standard for 1994. 


To which, we would like to add something 


synonymous with “grand.” Savings of up to 


GP TOYOTA T100 


“I love what you do for те” 


n } 


$1000 on all the options you see here. Cruise 
control with leather-wrapped steering wheel. 
CFC-free air conditioning, Power windows, 


locks, mirrors and antenna. A chrome rear 


bumper. Bodyside molding. 


And carpeted floor mats. 


So before you step up to a whole new 


class of truck, consider all the 


options. Because the Toyota 


T100 SR5 Extra Value Package 


is designed to make you feel, 


well, positively grand. 


Sie 
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Call 1-800-GO-TOYOTA if youd like a Toyota T100 brochure and the location of your nearest dealer. *Gavings based on MSRP of individual options. Actual dealer price may vary. 8 Automobile Magazine, March 1994 
Always use your seatbelt. Driver-side air bag is a Supplemental Restraint System (SRS). Shown with optional alloy wheels at additional cost. Buckle Up! Do it for those who love you. ©1994 Toyota Motor Sales, U.S.A., Inc. 


SIMPLY 


no doubt about it. 


SURGEON GENERAL'S WARNING: Cigarette 


Kings, 17 mg. "tar, 1.1 mg. nicotine | Smoke Contains Carbon Monoxide. 
av. per cigarette by FIC method. 


21894 BAW T Co. 


